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CHAPTER I
INTRODUCTION AND DELINEATION OF THE PROBLEM
In patients with congestive heart failure, dyspnea, edema and
fatigue are important symptoms of distress (19:70). The most common
presenting symptom of left ventricular insufficiency is dyspnea on
exertion progressing to dyspnea when lying down (15:469). The dyspnea
is present in those without any evidence of pulmonary edema as well as
those who demonstrate it (15:470). Cardiac disease apparently causes
(1)dyspnea because of the following secondary changes in the lung:
elevated capillary pressure and distension of vascular channels within
the thorax leading to pulmonary congestion and reduced compliance, as
well as reduced mobility and elasticity of the lung, and (2) reflex
hyperventilation (19:185-186).
Henderson in her discussion of the components of basic nursing
listed as number one "helping the patient with respiration"care,
She emphasized the basic importance of respiration on the(11:14).
quality of health.
Standing, sitting and lying postures that encourage 
optimum chest expansion and free use of all muscles of 
respiration should be demonstrated to patients and their 
effects explained. When patients must be helped into such 
postures, it is the nurse's responsibility to select the best 
bed and chairs available, and to use pillows, pads, and rolls 
to maintain positions that promote normal respiration (11:14).
Abdellah, et a]L., listed as one of the nursing problems presented
"to facilitate the maintenance of a supplyby patients the following:
of oxygen to all body cells" (1:16).
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Respiration is basic to survival of living beings. In man,
respiration includes the ventilation that takes place in inspiration
and expiration, the diffusion of oxygen from the alveoli to the blood
and carbon dioxide from the blood to the alveoli, the transportation of
oxygen and carbon dioxide to and from the cells, absorption of oxygen
in the cells, oxidation-reduction reactions in the cells and regulation
Beland's summary of theof all aspects of respiration (3:380).
implications for nursing care related to respiration noted the nurses
role in protecting patients from the effects of oxygen deficiency, and
in carrying out measures to maintain ventilation or to increase the
supply of oxygen available for absorption (3:380).
I. THE PROBLEM
Need for the Study
The nurse has an active role in facilitating the patient's
quality of respiration. Positioning is one factor that is closely
related to ventilation ability. The physician may order a specific
position for the patient, especially in patients with cardiopulmonary
problems, or it may be left to the nurse's discretion to determine the
position which is best to facilitate ventilation and patient comfort.
Direct observation of the frequency and depth of ventilation is
Since the actualnot always a reliable index of aeration of the lungs.
aeration of the lungs can only be determined by measurement of lung
volumes, changes of these with position must be determined by actual
In nursing texts and other references, quantitativemeasurement (33:23).
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data on the relation of position to the depth and ease of ventilation
For example, Shafer, et al..is not specific or always in agreement.
pointed out that most patients with congestive heart failure are more
comfortable and can breathe more easily with the head of the bed
elevated in a high Fowler’s position (17:321); Beland pointed out that
maximum chest expansion and movement and decreased venous congestion
could be facilitated by positioning in the upright position (3:390);
Myerson and Pastor stated that "a patient should be maintained in a
comfortable position with the head of the bed propped up to relieve
dyspnea" (13:96); and Blumgart and Zoll stated that certain patients
achieve "maximal comfort sitting in a chair, propped up by pillows
and leaning forward on an adjustable table" (24:218).
In the review of literature, research done relating various
respiratory parameters to the sitting, semi-recumbent, lateral and
horizontal position will be discussed. Specific changes of lung
volumes related to a variety of positions assumed by a congestive heart
failure patient in bed have not been as well documented as those
The comfort of a patient relatedchanges found in the normal person.
Ifto his position is a factor considered when positioning a patient.
the nurse had knowledge of the increase of the amount of ventilation
that occurs in slight changes in "head elevation", she would have better
criteria to use in meeting the patients respiration needs as well as
relating those needs to the patients subjective comfort feelings.
Statement of the Problem
One part of nursing care of the patient who has congestive heart
4
failure involves assessment of the position of the patient related to
his ventilation ability. Since little study of specific positions of
head elevation in the congestive heart failure patient and changes in
lung volumes is in the literature, the present explorative study has
been undertaken.
Purpose of the Study
The purpose of this study was to find out if there is a relation­
ship of degree of head elevation and lung ventilation ability in
left-sided congestive heart failure patients in specific positions
with selected lung volumes measured by spirometry in each position.
Supplementary Purposes
The supplementary purposes of this study were:
To find out if a relationship of increased head elevation to
increased or decreased lung volumes existed.
To find out if changes in positions and lung volumes in congestive
heart failure patients were different from those changes already
determined in normal persons as reviewed in the literature survey.
To find out if age, sex, smoking, obesity, and edema level in
congestive heart failure patients affected position changes related to
changes in lung volumes.
To find out what changes in apical and radial pulse, blood
pressure, and respiration rate occur in each patient in relation to
position change and if these show any relationship to position changes.
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To find out if the patients subjective evaluation of position
comfort shows a relationship to increase and/or decrease of lung
volumes.
Hypotheses
There will be a change in lung volumes for different positions.
The vital capacity and tidal volume will show slight increase
with increased head elevation.
The expiratory reserve volume will show greatest increase.
The timed vital capacity (FEV) will increase with increased head
elevation.
The inspiratory reserve volume and inspiratory capacity will
decrease with increased head elevation.
There will be a difference in the changes in individual patients
that can be related to age, sex, smoking, obesity, and edema level.
There will be a relationship of increased patient comfort with
increased tidal volume, expiratory reserve volume, vital capacity, and
timed vital capacity (FEV).
Method of Study
This was an exploratory study of a convenience sample of nine
convalescent left-sided congestive heart failure patients at Loma Linda
These patients were admitted for and/or underUniversity Hospital.
treatment for a condition diagnosed as left-sided congestive heart
failure.
The ability of the patients to participate in the study with no
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detrimental effects on their existing cardiopulmonary condition was
determined by the patient’s ability to rest comfortably without dyspnea
or marked changes of respiratory rate or rhythm in all positions to be
measured; to have no marked change in apical pulse rate and blood
pressure in all positions to be measured; to have no need for
supplementary oxygen during the measurement session; to have attained
a relatively stable condition as to their medications, diet and fluid
allowance; and to have gained specific permission of the attending
physician to include his patient. When these criteria were met, the
patients were asked to participate in the study.
The weight and twenty-four hour intake and output totals for
five days preceding the test day were noted to determine stability of
edema level. Table I shows the criteria used.
A minimum of three practice sessions on the day preceding the
test day were used to familiarize the patients with the equipment to be
used and methods of breathing required to attain the measures. Each
patient acted as his own control in measuring changes in lung volumes
in various positions. The specific volumes measured with a spirometer
were tidal volume (TV), inspiratory reserve volume (IRV), expiratory
reserve volume (ERV), vital capacity (VC), minute respiratory volume
(MRV), timed vital capacity (TVC), also called forced expiratory volume
(FEVij and FEV^) , and inspiratory capacity (IC) . 
used were lying in bed with legs straight and head elevated 60°, 45°,
The specific positions
30°, 15°, and 0° with one disposable hospital pillow measuring
24" x 18" x 7" under the head at 0°. A minimum of thirty minutes
7
TABLE I
CRITERIA FOR EDEMA DETERMINATION
Edema Rating 5 Day Weight Change Daily Intake and Output Difference
0 Stable Less than 500 cc.
Stable+ Greater than 500 cc. and less than 
750 cc.
Less than 5 lbs.-H- Greater than 750 cc.
+++ Greater than 5 lbs. 
and less than 
10 lbs.
Greater than 750 cc.
Greater than 
10 lbs.
Greater than 750 cc.
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elapsed between each position change and taking measurements of volumes.
All measurements were converted to body temperature, ambient barometric
pressure, saturated with water vapor values (BTPS), using the Collins
conversion factor values assuming 760 mm Hg barometric pressure and 37°
Lying 0° with a pillow was selected as abody temperature (7:334).
baseline value. Data collection was done in the morning beginning two
hours after eating.
The measurements of apical and radial pulse rate, blood pressure,
and respiration rate were taken on each patient on assuming a position
and before and after having lung volumes measured to evaluate any
possible detrimental effects on the patient’s cardiac status that
might be occurring. Changes in these parameters that preceded or
occurred with changes in lung volumes were noted.
The patient's subjective evaluation as to the position of comfort
was sought using a scale ranging from 0 (uncomfortable), 1 (fairly
comfortable), 2 (comfortable), 3 (most comfortable). The relationship
of this evaluation to changes in lung volumes was also noted.
Preview of Method of Analysis
Correlations were done on all variables for each seeking an
indication of relationship of position change and volume change as well
as preference indication at 0° - 15° - 30°, 30° - 45° - 60° and 0°
15° - 30° - 45° - 60°. Statistical tests of significance were done on
correlations and regression curves for all variables and all position
combinations for each patient. Means of the correlation for the sample
9
Means of the rawgroup were also analyzed as to their significance.
data were analyzed for indication of trends.
Correlations and/or comparisons were done on other variables
such as age, sex, edema level, previous history of smoking, blood
pressure, pulse and respiratory rate change.
Definition of Terms
For the purpose of this study, terms have been defined as
follows:
Congestive Heart Failure is defined as a state which can occur
for a number of reasons in which the heart fails to maintain an adequate
circulation for the needs and demands of the body despite apparently
adequate filling pressure. This failure is accompanied by an abnormal
increase in blood volume and interstitial fluid (16:407). The
congestive heart failure patients involved in this study had inadequate
function of the left ventricle.
Head Elevation is defined as the amount in degrees which the
upper part of the body is elevated in relation to the hips and legs
Horizontal position is designated as 0°.using the gatch of the bed.
The hips and entire legs were horizontal to the floor in all positions.
Only at 0° head elevation was a pillow used.
Ventilation is defined as the process of inspiring and expiring
The quantity of gas moved was measured bygas in and out of the lungs.
the spirometer.
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Marked Change of Respiratory Rate or Rhythm is defined by the
patient having a greater increase or decrease than ten respirations per
minute from the patient’s rate at the baseline position.
Marked Change in Apical Pulse Rate and Blood Pressure is defined
by the patient having a change in apical pulse in excess of twenty
beats per minute and slower than sixty beats per minute or faster than
one hundred beats per minute and a change in systolic and diastolic
blood pressure in excess of 40/20 mm Hg and lower than 100/50 mm Hg
or greater than 200/150 mm Hg.
A Relatively Stable Condition as to Their Medications, Diet and
Fluid Allowance is defined as the patient having regularly scheduled
medications, which may still be supplemented, full diet with salt
restriction as needed, and fluid allowance above 1000 cc per day.
Obesity is defined as the patient being more than 25 pounds
above the weight range for the height and body build as listed in the
Metropolitan Life Insurance Company Tables (14:848).
To aid the reader, the generally accepted definitions of lung
volumes and capacities measured in this study are included:
Tidal Volume (TV) is defined as the volume of gas that can be
inspired or expired with each normal breath (10:550).
Inspiratory Reserve Volume (IRV) is defined as the extra volume of
gas that can be inspired over and beyond the normal tidal volume (10:550).
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Expiratory Reserve Volume (ERV) is defined as the amount of gas
that can still be expired by forceful expiration after the end of a
normal tidal expiration (10:550).
Vital Capacity (VC) is defined as the amount of gas in the tidal
volume plus the inspiratory reserve volume plus the expiratory reserve
volume (10:550).
Minute Respiratory Volume (MRV) is defined as the total amount of
This is equalnew air moved into the respiratory passages each minute.
to the tidal volume times the respiratory rate per minute (10:550).
Timed Vital Capacity or Forced Expiratory Volume (TVC or FEV) is
defined as the volume of gas which is expired by maximal effort in one
to three seconds (16:443). This measure is expressed as volume expired
per second (FEVT) and per cent of total vital capacity expired per 
second (FEV^).%
Inspiratory Capacity (IC) is defined as the amount of gas inspired 
in the tidal volume plus inspiratory reserve volume (10:550).
Scope and Limitations
The scope of this study included a convenience sample of left
sided congestive heart failure patients placed in specific positions
The age range was limited to ageswith specific lung volumes measured.
The patients were required to be in the convalescent55 to 75 years.
stage of hospitalization as determined by the selection criteria.
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Patients with new myocardial infarctions, with diagnosed lung pathology,
for example emphysema, and with surgical incisions and other conditions
making it painful to breathe were excluded from the study. It was not
limited as to sex, education, socio-economic group, and obesity, but
these factors were considered in the evaluation of the data. English
speaking patients only were used. Patients who smoke or who have
smoked in the last five years were eliminated from the study. Patients
receiving sedation or narcotics which have a known side effect of
decreasing respiration rate and/or depth within four hours of the data
collection period were excluded from the study.
The limitations of the study include
1) the ability of the patients to use the spirometer and to
breathe correctly for the measurements to be properly taken.
2) The varying time intervals required for the stabilization of
fluids and their accumulation in different parts of the body with
position changes.
3) The effects of anxiety on the respiration rate.
4) The changes in stomach contents related to the time of eating
and completion of all measures in the individual patient.
5) The ability of the patients to stay in the assigned position
for the periods of time required and then use the spirometer without
changing position.
6) The inability to determine the effects of undiagnosed
concurrent lung disease.
7) The inability to eliminate the changes in lung function
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related to smoking and other irritants that might effect the lung
volumes measured.
8) Measures of ventilation do not tell how well the patient is
utilizing the gas inspired.
9) Possibility of mechanical or reflex advantages that cannot be
mirrored in changes in lung volumes.
10) Learning effects on the ability to use the equipment.
11) Fatigue effects during the data collection period.
Preview of the Thesis
In the remainder of the thesis the review of representative
literature in chapter two discusses pulmonary ventilation tests using
the spirometer; variables affecting lung volumes in the normal person;
physiological and pathological cardiopulmonary changes found in
congestive heart failure; and the use of position change as a nursing
action in these patients. In chapter three the rationale and
methodology are presented. Chapter four reports the findings, analysis
and interpretation of the results of position changes on specified
variables. The summary, conclusions and recommendations are presented
in the fifth chapter of this study on a relationship of head elevation
and lung ventilation ability as measured by spirometry.
CHAPTER II
REVIEW OF LITERATURE
To understand the rationale for this study and establish the
theoretical framework, a review of representative literature of the
following areas is presented: (1) a discussion of the lung volumes
and capacities and the normal values for these, (2) changes that occur
in normal lung volumes related to height and weight, age, sex, obesity,
smoking, and pain, (3) physiological changes in the cardiopulmonary
system and in lung volumes occurring with position change, (4) physio­
logical and pathological changes occurring in the cardiopulmonary system
in left-sided congestive heart failure, (5) dyspnea in congestive heart
failure, (6) effects of position change on cardiopulmonary pathology
and lung volumes in congestive heart failure patients and, (7) nursing
actions for congestive heart failure patients related to positioning.
I. LUNG VOLUMES AND CAPACITIES
Normal Measures
The term ’’volume" refers to one of four non-overlapping primary
compartments of the total lung capacity while "capacity" is made up
of two or more of the primary volumes and relates to pulmonary function
testing procedure (25:98). The resting expiration level is now
customarily used as a baseline (27:1346).
The vital capacity is the oldest lung function test and describes




IRV = Inspiratory Reserve Volume
TV = Tidal Volume
ERV = Expiratory Reserve Volume
RV = Residual Volume
IC = Inspiratory Capacity
FRC = Functional Residual Capacity
TLC = Total Lung Capacity
Figure 1. Spirometric Representation of the Primary Compartments of 
the Lung. (Adapted from 25:98)
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The degree of stiffness (reduced compliance) due to fibrosis orpump.
heart disease is faithfully reflected by a reduction of vital capacity
(37:432). Wade found that in a full vital capacity about one-fourth
of ventilation is due to chest expansion and three-fourths is due to
diaphragmatic movement (64:210). Leslie, measuring differences in
inspiratory and expiratory vital capacity in twenty-five normal adults
(1) the slope of the curve of the spirometric tracing of thefound:
inspiratory vital capacity was virtually a mirror image of the slope of
the expiratory vital capacity, (2) that in the comparison of volumes,
five subjects had equal volumes; nine subjects had larger inspiratory
volumes of 10-40 cc or .4 to 1.6% of the VC; eleven subjects had
larger expiratory volumes ranging from 10 - 160 cc or .4 to 4.4% of
the VC, and when computing the mean difference of all subjects, the
group had a larger expiratory VC of 25.2 cc or 0.7% of VC, and (3)
fifteen patients with dyspnea related to heart disease showed figures
comparable to normal subjects (51:810-811).
Although the VC has limited value in assessing pulmonary impair­
ment, it is a useful measure in observations of progression or recovery
such as in heart failure (38:150-151; 19:211; 7:11; 27:370; 24:211).
The VC test is easily performed and readily understood by patients
and, following the initial "learning effect", successive tests should
100 cc (38:151-153).not vary by more than Z
Maximum breathing capacity (MBC) and timed vital capacity (TVC)
or forced expiratory volume timed (FEV-p) measure dynamic changes in
lung volumes and are particularly useful in evaluating overall
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ventilatory function (45:1381). MBC measures both resistance and volume
defects and the VC measures volume defect alone. Both are necessary
The MBC has the disadvantagestests for analysis of ventilatory defect.
of requiring considerable equipment and training as well as requiring
It does not appeara considerable effort on the part of the patient.
to give values truly reflecting maximal ventilatory ability in weak or
very ill patients and in patients whose muscular effort is limited by
a greatly reduced cardiac output (35:257-258).
The TVC or FEVrj, is perhaps the most frequently used method in 
testing ventilatory ability. It is performed by having the subject
inspire to full lung inflation and then exhale as rapidly, completely.
and forcibly as possible (45:1384). The FEVj. relates much better to 
other dynamic tests of ventilatory function — MBC, air velocity index
and the RV/TLC ratio — and to dyspnea than the total VC because the
FEVf reflects the effective volume or gas per unit of time, measuring
The volume is measured which is exhaledboth volume and resistance.
during the first, first two, and first three seconds of the FEV. The
shortest volume (1 second volume) correlates best with the MBC and
with symptoms. Two values may be recorded: the volume exhaled during
the stated time interval and the percentage of the total VC exhaled
A spirogram recorded on a rapidlyduring the stated time interval.
moving drum permits calculations of any of the TVCs (38:153; 35:275-276;
The FEVt is justified because the resultant values may 
differ from those obtained when a full expiration is done slowly as in
and 36:445).
conventional measurements of VC (39:290-291). For example, the typical
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spirometric picture in pulmonary fibrosis is reduction of VC without
expiratory delay while the typical spirometric picture of emphysema is 
reduction of VC with considerable expiratory delay (19:118). The
normal percentage for FEV,^ exhaled during one second for men ages
55-59 is 72% and ages 60-64 is 70% (38:151). Normal values for FEV^,^
expired in one second, two seconds, and three seconds in healthy young
subjects should exceed 70%, 85%, and 97% respectively (19:31). Gaensler
found that 35 normal volunteers and 282 "pulmonary normal" hospitalized
patients were able to exhale on the average of 83% of the total VC the 
first second of the FEV^, effort, 94% during the first two seconds, and 
97% during the first three seconds (36:446; 35:275; 7:200). No
volunteer exhaled less than 72% in one second and less than 92% in
three seconds (35:262).
The normal anatomic dead space (or internal volume of conducting
airway composed of the nose, mouth, pharynx, larynx, trachea, bronchi,
and bronchioles) equals approximately 1 ml per pound of body weight.
Normally one-third or less of each tidal volume is expended for dead
space flushing. With shallow rapid breathing, external ventilation may
be two or three times greater than normal, with correspondingly increased
work of breathing; yet actually there will be alveolar underventilation
The higher the tidal volume, the lower the dead(38:165 and 6:19).
space, the more rapid the breathing and the smaller the FRC, the greater
the amount of fresh air entering the alveoli and the greater the rate
As the tidal volumeof gas exchange in the alveoli (6:23 and 25). 
becomes greater, "elastic work" per minute increases, and as the rate
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becomes faster, the "resistive work" increases. Normal man chooses a
compromise permitting the least work. When airway resistance is
increased, slow, deep breathing keeps flow rates low and avoids
excessive resistive work; when lungs become stiffer (decreased
compliance) shallow breathing keeps work at a minimum (6:81). Increase
in tidal volume lowers the intrathoracic pressure, augmenting the
thoracic pump and increasing venous return to the heart (6:89).
An example of "typical" values for pulmonary function tests in a
healthy, resting , recumbent young male, 1.7 sq. meters surface area
are presented in Tables II and III.
Boren, et_ al., did a study using a total of 422 male subjects,
age distribution from 20 to 69 years, tested in semi-recumbent positions
with 30° elevation of the head of the bed. A spirometer was used for
measurable volumes and open circuit nitrogen washout and simplified
helium dilution methods were used for FRC and TLC (25:98). Table IV
summarizes the mean values for volumes and capacities by decades found
in the study.
Summary. Non-overlapping primary compartments of the lung are
"volumes". "Capacities" are composed of two or more volumes. Vital
capacity measures volume defect and has the value of observing
progression of symptoms of heart failure. Timed vital capacity
measures dynamic changes in lung volumes making it useful in determining
resistance as well as volume defects. The true ventilation occurring
with TV is affected by the rate and depth of respiration.
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TABLE II
NORMAL VALUES FOR LUNG VOLUMES
Tidal Volume 500 ml
4800 mlVital Capacity
3100 mlInspiratory Reserve Volume
3600 mlInspiratory Capacity
1200 mlExpiratory Reserve Volume
1200 mlReserve Volume
2400 mlFunctional Residual Capacity




Maximum Breathing Capacity (BTPS) 
Timed Vital Capacity 
Maximum Expiratory Flow Rate 
(for 1 L.) (ATPS)
Maximum Inspiratory Flow Rate 
(for 1 L.) (ATPS)
Compliance of Lungs and Thorax 
Compliance of Lungs 
Airway Resistance 
Work of Quiet Breathing
125 - 170 L./min. 
83 % in 1 sec.





0.1 L./cm. H2O 
0.2 L./cm. H20 
1.6 cm. H20/sec. 
0.5 kg - M/min.
BTPS - body temperature and ambient barometric pressure, 
saturated with water vapor 
ATPS - ambient temperature and barometric pressure, 




MEAN VALUES BY DECADES
20-29Ages 40-49 50-59 60-6930-39
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Factors Affecting Normal Values
Normal Variation. Internal measures of ventilation such as
alveolar ventilation and perfusion ratios and O2 and CC^ tensions vary 
little from one normal individual to another and are independent of
external characteristics. When the values to be measured, such as
volumes measured by spirometry, depend in part, upon physical
characteristics, performance varies as much as the sampled population
(38:161). Normal typical values vary with age, sex, size, and state
of health. They often differ considerably in individual members of a
homogenious group of healthy men or women (6:216; and 45:1387). 
Table V demonstrates normal variation using FEV^ and norms for
"average adult male."
Reductions in VC, for example, are not considered significant
until they fall below 80% of the predicted values (34:1016). The
formulas for determining normal VC show how VC and other lung volumes
are related to height, age and sex of the individual as well as the
position of the subject when the test is performed.
V^ (ml) = (27.63 - (0.112 X age)) X ht (cm) 
V^ (ml) = (21.78 - (0.101 X age)) X ht (cm)
Males:
Females:
Values for normal individuals will fall within 20% of the predicted
values and the values may vary from time to time even in the same
individual (16:436, 7:10-11). The various prediction formulas all
have a standard error of estimate of about .5 Liter (27:1350).
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TABLE V
RANGE OF NORMAL VALUES FEVT AND FEV%, MALES
Test Range
Liters Per Cent
58 — 66 
70 — 80 
80 — 85 
94 — 95 
97 — 99
2.8 — 3.2




FEV.5 and FEV.5% 
FEV’75 and FEV< 5% 
FEVjl and FEVi%’ 




Height. With regard to height each compartment of lung volumes
TLC increases most of all, followed inincreases as height increases.
Lung compartments, being essentiallyorder by VC, IC, FRC, RV, and ERV.
anatomic entities, correlate with height as a measure of total body
size (25:109). VC is better related to height than any other
anthropometric measurement (27:1349). FEV shows a positive correlation
with height with consideration also given to age, sex, and size (45:1388).
Height provides a better basis for prediction of normal values for all
lung volume compartments than either weight or body surface area (25:110).
Weight. Predicted normal values based on weight or body surface
If weight gain consistedarea have an inherent source of inaccuracy.
chiefly of an increase of abdominal fat, the VC and TLC would be
expected to decrease. The heavier abdominal viscera may force the
diaphragm to a more expiratory position decreasing the ERV (25:110).
While weight is a useful entity from which to predict VC in a
population of non-obese young people, it loses its usefulness in a
population containing both lean and obese individuals (27:1348).
The lungs removed from the normal aged (60 year or older)Aging.
at autopsy are smaller, more flabby and weigh less than those of young
individuals of equal body weight. The respiratory bronchioles and
alveolar ducts appear to be wider. Alveolar walls are thin. The elastic
Beyond the age of 40 the pulmonary arteries showtissue is reduced.
some degree of arteriosclerosis while the pulmonary veins and
capillaries show no anatomical changes (42:32-33).
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The mean O2 intake decreased with age. Although alveolar O2
tension at rest is constant for all age groups, the arterial 0^ 
tension is decreased, making the alveolar/arterial O2 gradient increase 
The CO2 tension in the alveolar air and arterial blood does 
not change with age (42:38).
with age.
The O2 diffusing capacity is decreased 
Airway resistance increases with age and compliancewith age (42:39).
decreases (42:41).
Most investigators find the regression of VC on age is about
200 ml/decade of life from age 20 to 60 years in both men and women.
RV is increased by about 200 ml/decade and RV/TLC increases about
3-4%/decade from age 20 to 60. The other changes are small. The ERV
and TLC decrease by about 100 ml/decade and the FRC increases slightly
(27:1361). The FEVt decreased with age in adults, whereas the age 
effect is not encountered or less remarkable when the volumes are
expressed as a % of FEV, presumably due to the associated decrease in
VC that occurs with age (45:1387).
If the FRC is increased in size, increased time is required to
change the alveolar concentration of a desired gas (6:24). The maximal
expiratory flow rate may be decreased up to 50% of normal with advancing
age (7:213). Greifenstein also found (1) less even intrapulmonary
distribution of inspired gases, (2) reduction of MBC proportionately
greater than decrease in VC, and (3) no significant difference in 
arterial ©2 saturation, CO2, and pH levels compared to values for
Norris, et_ al., found the decrease inhealthy young adults (41:648).
TLC commensurate with decrease in body size occurring with age
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TABLE VI
SUMMARY OF CHANGES IN LUNG VOLUMES OCCURRING WITH INCREASING AGE
IC ERV VC RV RV/TLC TLC FRC MBCReference
Boren,jet .a^L. :102,103,108 
Griefenstein:648 
Norris jjet •ajL : 368 
Bates and Christie:114 
Briscoe:1361





- = decrease with increasing age 
+ = increase with increasing age 
NC = no change with increasing age
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Ventilation/perfusion ratios are more uneven anddifferences (57:386).
maximum negative intrathoracic pressure declines with age (2:116). The
minute volume of respiration which is the product of rate or frequency
times tidal volume does increase with age (42:36).
Sex is a factor in that cardiopulmonary complications areSex.
more frequent in men than women (4:35). Left ventricular heart failure
occurs more commonly in males (12:192).
The formulas for predicting VC show the built in lower value
normally found in women compared to men of the same height and age
(27:1350) . Resting O2 uptake has been shown to be lower in females 
During exercise the young male continues to have increased(53:539).
O2 consumption, increased ventilation, and increased heart rate 
compared to young females. The female has increased metabolic rate.
Mean ventilatory values of males exceeded females as body size exerted
an important influence (48:655).
Chest circumference is highly correlated with VC in young women
but not for men (27:1348). Needham, J~t al.., found a large difference
between the sexes for decrease of VC and MBC with increasing age.
Men's VC declined 350 ml/decade and women's only 200 ml/decade after
the age of 20 (56:324). Adult males have greater FEV and expiratory 
In adults, FEV^ is expressed as a per cent, 
In general, little attention has been paid
flow rates than females.
sex differences disappear.
to size differences when making comparisons between the adult sexes
(45:1387-1388).
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Obesity. Pronounced obesity will increase intra-abdominal
pressure interfering with downward motion of the diaphragm during
maximal inspiration. The higher than normal intra-abdominal pressure
occurring with normal inspiratory diaphragm motion plus obesity will
increase venous return to the thorax (6:99). This decreases VC and
may increase pulmonary artery pressure and circulatory blood volume
(4:219) .
Obesity can cause chronic alveolar ventilatory insufficiency,
Obesity increases the workwhich is a form of functional derangement.
of breathing, which is further accentuated in the supine position
(19:127). There is considerably less ERV, particularly when the obese
person lies flat because of the higher diaphragm position and more
positive intra-abdominal pressure (2:104).
There is loss of reservoir function in persons who have reduced
lung capacity because of marked obesity. Minor changes in breathing
In therhythm are associated with marked arterial unsaturation, 
obese patient with decreased lung capacity, O2 utilization of the body 
at rest is high and O2 left in the lungs during periods of decreased 
ventilation is removed at a fast rate (58:293). An obese person has
an increased uptake rate and CO2 production increasing necessary 
alveolar ventilation. There is increased work to obtain the necessary
ventilation because of less efficient respiratory muscles, increased
size of chest wall, and increased weight of the abdominal contents
(4:219).
If a weight gain consists chiefly of an increase in abdominal
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fat, the VC and TLC would be expected to decrease slightly (25:110).
Alexander, ££ al•, in a study of 50 patients with extreme obesity.
found that the most common complaint (84%) was exertional dyspnea;
cardiomegaly observed by increased transverse cardiac diameter for
ideal body weight was regularly present (20:522); orthopnea in the
supine position was relieved when either prone or lateral position was
assumed (20:513); reduction of ERV and VC and increased RV were
regular findings; reduction of compliance of the chest wall occurred;
and in those patients without congestive heart failure, the factors of
increased ventilation and respiratory effort, together with limited
ventilatory capacity, were often of such magnitude as to cause
development of dyspnea (20:520). Others have found, as well as a
Thereduced VC, reduced IC, TLC, RV, and FRC in extreme obesity.
largest fractional reduction of VC is in the ERV rather than the IC.
In mild obesity there are no changes in TLC, VC, or in RV, with the
only changes (compared to norms) being a fall in FRC and ERV and an
increase in IC (27:1369).
Smoking. Nicotine is one of several chemicals that stimulate
chemoreflexer receptors in both the pulmonary and coronary circulation
resulting in bradycardia, hypotension, and depression of respiration
(6:90-91). The airways are constricted reflexly by inhalation of
smoke, dust, and chemical irritants (6:122). The acute effects of
cigarette smoking result in an increase of airway resistance (18:300).
With a greatIncreased airway resistance can increase FRC and RV.
31
increase of FRC there is reduction of IC. Resistance increases with
increased frequency of breathing (6:124-125).
Cigarette smoking is associated with a reduction in ventilatory
function (18:38). Smoking a cigarette induces an immediate two to
three-fold increase in airway resistance which lasts 10 to 30 minutes.
Because a similar increase in airway resistance occurs when the
cigarettes that are smoked have a normal (2%) or very low (0.5%)
nicotine content, the bronchiole constriction is not due to inhaled
nicotine, but rather the settling of submicronic particles on the
sensory receptors in the airway (6:186-187). Tobacco smoke and certain
of its components can reduce or abolish ciliary motility, at least
temporarily, and can slow mucus flow causing increased amount of
secretions in the tracheo-bronchial tree (18:270).
Whitfield, ejt a_l., using 58 healthy male subjects, 18 non-smokers 
and 40 smokers, Blackburn, > using 221 men ages 47-57 years, and
Boren, » have reported the effect of tobacco on lung volumes.
Their findings were a slight diminution in VC and a more pronounced
increase in RV and RV/TLC (66:142, 23:75, and 25:105). Boren, et al.,
also found a slight decrease of IC (25:105). Chronic effects of
cigarette smoking result in a significant decrease in the volume of
air exhaled during 1.0 seconds as measured by FEV-p (18:300). 
also found that those who had_ successfully stopped all forms of
It was
smoking for one or more years prior to lung volume measurements had
values very close to those of non-smokers and RV/TLC significantly
smaller than smokers (23:72).
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Pain. Pain is the most important restrictive influence on
In analyzing the effects of a laparotomy, forrespiratory function.
example, upon respiratory function, there was increased respiratory
frequency, decreased TV, and decreased inspiratory and expiratory
capacities, including IRV and ERV (4:37-39).
Summary. In a homogeneous population, there is a normal 
variation of - 20% in values for lung ventilation volumes. In addition,
the volumes obtained are affected by the height and weight of the
subjects, aging, sex, obesity, smoking and pain.
II. PHYSIOLOGICAL CHANGES OCCURRING WITH POSITION CHANGE
The cardiopulmonary system consists of two pumps: a lung-pump
which intermittently pumps air in and out of the alveoli and a double
heart-pump which pumps blood through two capillary networks in one
The primary function of this system is to provide 
adequate quantities of to the cells and to remove CO2 (19:1).
continuous circle.
Lung
The act of ventilation is dependent upon (1) the bellows
action of the chest and diaphragm, (2) the patency of the airways
through which air must pass to the alveoli, and (3) the compliance, 
or distensibility, or stiffness, of the lungs (19:16).
©2 across the alveolar-capillary membrane depends upon (1) the 
alveolar O2 tension, and (2) the area and thinness of the diffusion




requires that the ratio of ventilation to perfusion is nearly the same
in each alveolus (19:21). The lungs are the most elastic tissue in the
body and are able to adjust their volume to changes occurring in the
thoracic cage, diaphragm and heart, and cardiopulmonary vascular
system associated with respiration, position change, and circulatory
variations (63:9).
Changes in posture bring about almost instantaneous changes in
the diaphragm, in the shape of the thorax and costal changes. The
In thediaphragm is higher in the supine than standing position.
lateral position, on the lower side, the diaphragm shifted up further
in the thorax than in the supine position, less movement of the thorax
occurred, and the mediastinum shifted to the lower side during
expiration and to the upper side during inspiration; on the upper side
in a lateral position the diaphragm shifted lower than seen in the
sitting position (63:11). Wade and Gilson examined with flouroscopy
12 normal subjects in a sequence of postures from standing to lying
tilted 45° head down and found that with the change in posture there
was a progressive rise of the resting level of the diaphragm in
relation to the position of the iliac crest (total rise 6.3 cm) and a
Deep inspiration with thoracic cagechange in the pattern of movement.
lift modified the downward movement of the diaphragm (65:124). In
addition, the level of the diaphragm partly depends upon the position
of the abdominal viscera, especially the liver, and intra-abdominal
Wade, measuring 10tension and tone of the abdominal muscles (5:47).
subjects ages 24-36, found the change from erect to supine posture
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causes a marked change in the pattern of movement of the diaphragm
about its resting level. The excursions downward are more restricted
in a supine position causing increased IC and decreased ERV. No
change in the pattern of movements of chest expansion was found
(64:210).
On roentgen exam, the anterior-posterior and transverse diameters
of the thorax are larger and the vertical diameter smaller in the
In the supine position, the totalsupine than the sitting position.
volume of the chest is smaller with the diaphragm higher, the upper
chest increased and the lower chest diminished. Pulmonary blood
volume increases in the supine position. The radiological chest area
on full inspiration, normal expiration, and full expiration are less
in the supine than in erect position (63:12-13; 27:1364).
WithThe mean chest circumference increases with lying down.
maximum inspiration and expiration, the total chest expansion is
greater in the supine than sitting position (5:50). Chest elevation
during deep inspiration decreases in the supine position (5:51). On
lying down, a reduction in the diameter of the bronchioles occurs. This
is important because the layer of mucus lining the bronchioles becomes
disproportionately thicker (5:52). The work of breathing is increased
more than 100% when changing from an erect to supine position (5:55).
With muscle weakness and loss.of reserve muscle power that occurs with
bedrest (5:58-59), as well as the normal fatigue found in congestive
heart failure, the increased breathing effort required in the supine
position is significant in the congestive heart failure patient. Posture
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changes are also reflected in increased 0^ uptake in the sitting position 
indicating increased metabolism (63:156).
In normal man in the upright position, the apical portions of the 
lungs are poorly perfused but well ventilated leading to a slight dead 
space-like effect, while the lower lung regions are excessively perfused 
in relation to their ventilation causing a small shunt-like effect 
The pulmonary diffusing capacity is higher when the(38:169-170).
This is caused by an increasesubject is recumbent than when standing, 
in pulmonary capillary-blood surface area in the upper lobes with
resulting increased perfusion (2:102).
Intrathoracic pressure fluctuates during normal respiration 
averaging about -4 mmHg. at the end of expiration and -8 mmHg. during 
inspiration. During inspiration the contracting diaphragm descends 
and the intrathoracic pressure is lowered by increased stretch of the 
inflated lungs. Simultaneously the abdominal organs are displaced 
downward and forward, stretching the anterior abdominal wall and 
increasing intra-abdominal pressure. Thus during inspiration, the 
gradient in pressure between the abdomen and thorax is increased and 
the flow of blood into the thoracic veins is accelerated. The inferior
shortens, reducing its capacity and contributing increasedvena cava
Tachycardia occurs with lungblood flow into the thorax (15:179).
inflation (6:82). During expiration the intrathoracic pressure rises
Intra-abdominal pressure decreases as thetoward atmospheric pressure, 
diaphragm relaxes and ascends, 
accommodating more blood and decreasing blood flow into the thorax (15:180).
The inferior vena cava elongates.
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Attinger, .et al., did a study of eight subjects measuring lung 
compliance (increased compliance indicates less stiffness) and 
mechanical resistance in supine, lateral, sitting and prone positions.
The compliance values were higher in the sitting than in the supine 
position with the prone position usually intermediate. Mechanical
resistance is generally lower in the sitting and prone positions as
The decrease in amount andcompared to the supine position (21:910).
distribution of blood within the lungs and thorax that occurs with
change of position from supine to sitting causes a decrease in
A decrease in hydrostatic pressure in the lungshydrostatic pressure, 
leads to an increase in compliance and a decrease in resistance (21:910).
The value for compliance increases as the lung volume increases in
normal persons (29:59).
Heart
The normal human heart decreases in size, radiologically upon
change from a supine to erect position (47:99). Circulatory dynamics 
are most stable while an individual is supine since many arteries and 
veins are horizontally oriented at or near the heart level (15:171).
In normal man, an increase in stroke volume and cardiac output occurs
when changing from erect to supine position as a result of increased
Some effects on the circulatory system whenvenous return (15:184).
decreased pulmonaryshifting to an upright position are as follows:
blood volume, decreased central venous pressure, decreased heart 
volume, decreased cardiac output, decreased femoral venous C^,
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decreased femoral blood flow, increased femoral blood content (15:185),
and increased vascular resistance with vasoconstriction occurring.
There is also increased heart rate and increased blood pressure. When
a person moves from supine to the prone, or to either lateral position,
there is no significant change in blood pressure, heart rate, cardiac
output, or heart size (32:10).
Lung Volumes and Capacities
There are three reasons why lung volumes should change in
(1) change in position of the diaphragm, (2) change inrecumbency:
dimensions of the chest wall, and (3) change in the volume of blood in
the lungs, thorax, and heart (27:1364).
Using four different body positions (standing, sitting, semi-
recumbent, and supine recumbent) the following changes were noted by
With increasing recumbency, FRC and ERV decrease and theBoren, ejt al.
TLC, VC, and RV show slight reductions with increasingIC increases.
The semi-recumbent position is more closely related to therecumbency.
supine recumbent position (25:109). Whitfield, e_t al• > measuring lung
volumes in sitting and supine positions in 56 normal subjects, ages 10
to 70 years, found the same changes (67:96-97; 27:1364). These
alterations reflect changes in the diaphragm position, pulmonary
mechanics, and variations in thoracic blood volume (2:96).
Fess found in her study of 13 young, normal, healthy men,
measured in supine, left lateral, sitting, and semi-sitting positions,
that the sitting position provided the most effective ventilation as
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It was also considered the leastmeasured by TV, MRV, and VC.
comfortable position studied. The volumes increased from supine, left
lateral, semi-sitting, to sitting (33:25-26). The MRV decreases on
lying down because both the ventilation rate and TV are reduced (5:53).
Moreno and Lyons, using 20 normal subjects for determinations
of TLC and its subdivisions in sitting, supine, and prone body
positions, found the FRC, ERV, and MRV were greatest in the sitting
position and decreasing less in prone than supine position; the VC
and TLC were greatest in the sitting position and decreased less in
supine than prone position; and the IC was largest in the supine
position and decreased less in prone than in sitting position
(55:27-28).
Svanberg, in one of the most complete recent studies, using 25
normal subjects (14 men ages 24-41 years and 11 women ages 21-32 years)
found the TLC, VC, FRC, and RV in the sitting position were about 1/2,
1/3, 3/4, and 1/5 liter larger than in the supine position. There was
no difference in lung volumes between left and right lateral positions
with spirometry. The ERV, TLC, and VC were larger and the IC smaller
in the lateral position than supine. The respiratory frequency was
not influenced by position. The alveolar air dilution was higher in
supine than sitting with sitting and lateral positions equal (63:162-163).
Some researchers found no change in VC from recumbent-supine to lateral
position (27:1364). The VC as a percentage of the TLC did not change
The ratio of FRC/TLC was 51.2% in sitting andwith position change.
41.8% in supine and 47.9% in lateral position (63:81). In all
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positions the TLC of the right lung was, on the average, 53% larger
than the left lung on bronchospirometry (63:99).
McCarthy in a study of five young women ages 22-27 in supine,
prone, left lateral, right lateral and sitting at 30°, found no
difference exists in the metabolic costs of maintaining the five
The value obtained in the sitting position was consistentlypositions.
higher than in the other positions for uptake, respiratory rate, MRV,
The changes in TV and VC were not 
statistically significant which may indicate the procedural difference 
of using 30° rather than a more upright position (53:543).
TV, VC, and heart rate (53:541).
Summary. Lung volumes and capacities change when a person 
changes from an erect position to a supine, prone, or lateral position.
In a normal person, these physiological volume changes occur with a
change in position of the diaphragm, change in the dimensions of the
thorax, change in resistance and compliance of the lung, and change in
With increasingblood volume in the thorax, lungs, and heart.
recumbency, the IC increases and FRC, ERV, TV, VC, TLC, MRV, and heart
rate decrease.
III. PHYSIOLOGY AND PATHOLOGY OF CONGESTIVE HEART FAILURE
Cardiopulmonary System
The clinical picture produced by the decreased pumping action
of the heart is one of organ dysfunction rather than organ death.
There is adequate circulation to sustain life but the heart's capacity
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to perform various specialized functions, whose coordination results in
Examples of results ofsmooth body function, may be greatly reduced.
inadequate circulation are the poor functioning and failure of the
heart leading to kidney, lung, and liver failure (58:291-292).
Chronic congestive heart failure occurs as a result of a variety
of cardiovascular disorders of diverse etiology. The basic mechanisms
responsible are (1) increased work of the heart, (2) impaired cardiac
contractility and (3) impedence to cardiac flow. Heart failure
designates a clinical syndrome rather than any specific heart defect
(13:20-21). Symptoms of left ventricular failure are dyspnea on
exertion progressing to dyspnea at rest, orthopnea, paroxysmal
nocturnal dyspnea, edema, fatigue and weakness, and cough and hemoptysis
(13:38-39).
Although many of the symptoms of congestive heart failure relate
to lung dysfunction, the main effects of heart failure are related to
Elevation of venous pressure, asrenal retention of sodium and water.
well as reduced cardiac output and hormonal imbalance, especially a
high circulatory level of aldosterone, may all cause reduced renal
This is a compensatory mechanism in which there is anexcretion.
attempt to expand circulating blood volume (19:70 and 31:2091,2109).
The failing heart is unable to eject the volume of blood that is
returned to it (47:95). Congestive heart failure is initiated by
myocardial weakness with inadequate myocardial contractility. The
failing ventricle has been described as having a slower pressure rise
during isometric contraction, a lower systolic peak pressure, a larger
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diastolic size, a higher ventricular filling pressure, and diminished
efficiency. Cardiac output is decreased. There is more complete
extraction (15:464 and 31:2074). An increase in central venous
pressure occurs (15:184 and 31:2086). There is increased ventricular
filling and heart size with a decrease in stroke work. When the
venous pressure is reduced, and increase of stroke work and of cardiac
output may result in individuals with myocardial failure (19:63 and
47:105-106).
The pressure gradient from pulmonary arteries to left atrium is
very slight (6 mm.hg.) so any increase in left ventricular filling
pressure effects the pulmonary vascular system (15:468). A basic
pathological feature of left ventricular failure is passive congestion
Increased hydrostatic pressure in the pulmonaryof the lungs (13:34).
capillaries and increased pulmonary capillary permeability are the
primary causes of pulmonary edema, sometimes working together, sometimes
separately. A decrease in colloid asmotic pressure of the plasma
proteins supplements the other two mechanisms. A diminution of
pulmonary surfactant may also be important as is impaired and/or
inadequate lymphatic drainage. Life of the patient is threatened
because of interference with gas exchange (40:1597). Increased pressure
in the pulmonary veins and capillaries produces marked distension and
engorgement. With sufficient- pressure, pulmonary vascular hypertension
produces pulmonary congestion and edema. Relatively thin layers of
extravascular fluid interposed between the capillaries and the alveolar 
air seriously reduces the O2 diffusion from the alveoli to the
capillaries (15:468-469).
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The lungs become dark red, heavy in weight and wet (13:34).
Chronic left ventricular failure with prolonged pulmonary capillary
hypertension can lead to right ventricular failure and peripheral edema
as well as pulmonary fibrosis and further reduction of the diffusing
capacity of the lungs (19:79). Gas exchange is impeded by (1) decreased
ventilation because of an increased resistance to flow of air in and
out of the alveoli and bronchioles, (2) alveolar hypoventilation secondary
to alveolar edema, and (3) an alveolo-capillary block to gas diffusion
secondary to edema of the alveolar wall (13:35).
In left ventricular failure electrocardiographic changes are
nonspecific depending on the nature of the underlying cardiac disease.
With left ventricular hypertrophy there is increased amplitude and
duration of R waves in left precordial leads (13:50-53). Left
ventricular enlargement is the most common roentgenologic finding in
left-sided congestive failure (13:64-65). In chronic left ventricular
failure there may be evidence of left atrial enlargement and alteration
of the peripheral pulmonary arteries consistent with pulmonary arterial
hypertension (2:347). Pulmonary roentgenic manifestations include
passive congestion of the lungs with an increase in width of pulmonary
vascular markings and a diffuse haziness extending from hili into the
peripheral lung fields. In chronic congestion the density is greatest
at the lung bases. In pulmonary edema, there is confluent density
centrally located in a butterfly pattern (13:77-78).
O2 saturation is usually normal in early congestive heart 
In severe failure, O2 saturation decreases because offailure.
43
increased resistance to air flow in and out of the alveoli, the
flooding of alveoli with edema fluid and impaired gas diffusion
secondary to interstitial edema of alveolar walls (13:84). In acute
pulmonary edema, tests of pulmonary function reveal impairment of
ventilation and diffusion (13:159).
Diffusion of gas across the alveolo-capillary membranes is
decreased when the alveolar membrane is thickened, the capillary
membrane is thickened, the two membranes are separated by interstitial
edema fluid and exudate, edema fluid and exudate present in the alveoli.
or the intracapillary path decreased. In pulmonary edema transudate
from the pulmonary capillaries first separates the capillary and
alveolar membranes, increasing the diffusion distance; fluid entering
the alveoli again lengthens the diffusion distance; when fluid wells
up into the alveolar ducts, terminal bronchioles, or even higher into
the larger bronchi, the path of diffusion is too long for useful
diffusion to occur (6:142-143). This is classified as a problem of
alveolar ventilation and the ventilation/perfusion ratios are studied
by tests of diffusing capacity rather than tests of gross ventilation
as used in this study.
Sharp, et. jrl. , in a study of eight patients while in acute
pulmonary edema, found compliance very low (22% of normal in the acute
state) and rising (more than 50% of normal) in the recovery stage and
resistance markedly increased (three times the normal during pulmonary
edema and still elevated above normal on recovery (60:116). Brown,
e£ al., in a study of 16 normal subjects and 17 patients with heart
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disease, found (1) elasticity (compliance) curves for normal subjects
and patients were identical when the level of lung inflation was
expressed in terms of percent of the VC; (2) there is a reduction in
VC in heart disease patients; (3) resistance varied in patients,
showing those with evidence of pulmonary edema having markedly
increased resistance to air flow and other patients having no resistance;
and concluding, (4) exertional dyspnea in heart disease is most clearly
related to the reduction of VC and altered elastic properties of the
lung, except for patients with pulmonary edema in which resistance is
important (28:445).
Reduction in VC below its predicted volume correlates with the
degree of disability in patients' central vascular congestion. Other
changes in lung volumes in left congestive heart failure include a
reduction of TLC, ERV, and IC, and an increase of RV/TLC (27:1370).
Mack, et_ al^. , using fresh lung preparations and intact animals
(dogs) demonstrated that the distensibility of the lungs varied in an
inverse manner with the amount of blood in the pulmonary vessels. The
decreased distensibility occurring with pulmonary vascular congestion
was thus considered due to intravascular blood volume rather than
intra-alveolar transudate (52:660). Borst, jrl • j using open chest
dogs found (1) large variations in pulmonary blood flow only did not
influence the mechanical behavior of the lungs; (2) elevation of left
atrial pressure was accompanied by a definite, but small reduction in
compliance; and (3) compliance was influenced by pulmonary venous
pressure but not by pulmonary arterial pressure suggesting the reduced
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compliance was due either to distension of the veins or capillaries or 
to increased filtration through the capillary walls (26:1713).
In acute pulmonary edema there is severe reduction in VC,
relatively more reduction of IC than ERV, a small increase in RV occurs
The cardiac enlargement present, asin some, and the TLC is smaller.
well as the pathological changes in the lungs, provide valid reasons
for reduction of both VC and TLC (2:336-337).
Patients with chronic congestive heart failure show a decreased
VC and RV. As pulmonary congestion increases the resting ventilation 
increases and blood O2 tension is slightly lowered with little 
appreciable effect on O2 saturation.
in CO2 tension and a tendency towards respiratory alkalosis, 
increased ventilation masks the degree of lung dysfunction present. If 
ventilatory volume is decreased, for example by morphine, O2 arterial 
saturation immediately falls. The lung has lost its functional 
reservoir. In cardiac patients who have replaced air space with fluid
The overbreathing causes a fall
The
and blood, arterial O2 saturation will vary greatly when anything, 
including position, decreases the pulmonary hyperventilation (58:293).
Summary. Chronic congestive heart failure occurs as a result of
a variety of cardiovascular disorders of diverse etiology. Symptoms
The main cardiopulmonary effectsinclude dyspnea, fatigue, and edema.
are related to renal retention of sodium and water with resultant
enlargement and inefficiency of the heart, increased venous pressure,
There is resultant decrease inand pulmonary congestion and edema.
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lung compliance and increase in airway resistance, decreased VC, IC,
ERV, and TLC, increased RV/TLC, and decreased alveolar O2 diffusion.
Dyspnea in Congestive Heart Failure
Dyspnea is the most common presenting symptom of left ventricular
congestive heart failure (15:469). Dyspnea has been defined as
’’abnormal breathlessness" and considered a subjective symptom. Voicing
a complaint of shortness of breath, or difficult breathing requires
first an "awareness" of sensation and second an "opinion" that this
sensation is inappropriate or unpleasant. Both awareness and opinion
may be modified by factors not necessarily related to a presence or
degree of organic disease. Dyspnea should not be expected to
correlate perfectly with results of objective tests of lung function
(38:162). In patients with congestive heart failure, impairment of
pulmonary function tests is often relatively slight in proportion to
the degree of dyspnea (13:36-37).
Major influences producing dyspneic states have three features:
(1) reduced breathing capacity related to reduced ventilatory capacity
and/or restricted breathing, (2) increased breathing effort related to
increased ventilatory work and labored breathing, and (3) abnormal
respiratory drive related to increased respiratory stimulus and
increased breathing (59:16). In most patients with dyspnea, the
complaint is caused by a significant reduction of breathing capacity.
However, an abnormally large ventilatory demand by itself may lead to
significant exertional dyspnea. In patients with cardiopulmonary disease
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such an increased ventilatory demand often appears together with a
decreased breathing capacity and contributes significantly to dyspnea
(38:164). Establishing a restful and comfortable mileau for the
patient and positioning the patient with the head of the bed elevated
to reduce the work of the heart, lower the ventilatory demand, and
reduce respiratory effort related to mechanical resistance and
compliance, may be as important in relieving dyspnea as emphasis on
increasing breathing capacity and O2 intake (24:219 and 13:96).
Dyspnea is made worse by conditions that reduce vital capacity
or effective ventilating surface of the lung (3:596). Increased
fibrotic tissues in the lungs reduces the mobility and elasticity of
the lungs, requiring increased effort to inflate and deflate the lungs
(15:470). Engorgement of pulmonary capillaries and edema of the
pulmonary membranes produces encroachment on the airways increasing
airway resistance (15:471). Dyspnea in congestive heart failure is
present in both those with and without evidence of pulmonary edema
(15:470). The severity of dyspnea is not always in direct proportion
to the degree of congestion (3:595). This has been related to reflex
stimulation of respiratory activity initiated by stretch receptors
responding to distended vessels in the thorax (15:470). Unfortunately
dyspnea and resultant attempts at increased ventilation in cardio­
pulmonary disease occurs almost always in the presence of a number of
abnormalities, both mechanical and chemical, all more easily identified
than reflex stimulation. Circulatory failure and decreased O2
capacity of the blood have tissue hypoxia as a common factor. Dyspnea
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in these conditions may be due to respiratory muscle fatigue (38:166).
Paroxysmal nocturnal dyspnea can be due to fluid shift and other
precipitating factors including increased motor activity, dreaming,
emotional upsets, stress situations, increased heart rate with decrease
in cardiac output, shift to a more recumbent position and abdominal
distension (13:38).
Richards presenting case studies of dyspneic cardiac patients
concluded, (1) the factor of muscular exhaustion due to reduced blood
flow and O2 may be significant, (2) pulmonary hypertension and 
congestion may be the chief element in advanced left-sided congestive
failure, and (3) dyspnea in mild cardiac failure appears to be due
chiefly to inadequate cardiac output and in advanced congestive
failure to pulmonary congestion (59:28).
Summary. Dyspnea is the most common symptom of left-sided 
congestive heart failure. Patient awareness and opinion as to what is
difficult breathing is important. Dyspnea is related to reduced
breathing capacity, increased effort, and abnormal respiratory drive.
IV. EFFECTS OF POSITION CHANGE IN CONGESTIVE HEART FAILURE
Effects on Cardiopulmonary System
Orthopnea, defined as increased shortness of breath with
recumbency, occurs with gravitational shift of fluid from dependent
extremities resulting in expansion of blood volume and increased
Improvement in the upright position has beendemand on the heart.
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attributed to gravitational drainage of blood, relief of pressure from
abdominal viscera and ascites, and reduced venous engorgement of the
brain. Occasionally a patient will be more dyspneic in one position
than in another, usually most dyspneic in the left lateral recumbent
position (13:38). Placing a patient with acute pulmonary edema in a
semi-recumbent or sitting position with feet and legs dependent
decreases circulating blood volume 400-500 ml. (13:160). Keeping the
patient in a head elevated position during sleep may help in preventing
recurring attacks of pulmonary edema (13:165). Pulmonary edema can
occur with tachycardia, increased atrial pressure needed to maintain
cardiac output, emotional stress or excitement, and recumbency (19:78).
Pulmonary ventilation is more efficient in the sitting position.
Gravitational forces tend to keep pulmonary edema fluid in the lung
bases, sparing the upper lobes and allowing the upper areas of the
lung relative freedom to perform essential functions. The sitting
position impedes the mobilization of peripheral edema fluid, which has
accumulated in the lower extremities (32:12-14). During the day the
high hydrostatic pressure on the dependent portions of the body may
compete successfully with the lungs for retained salt and water. When
the patient lies down, the hydrostatic venous pressure is lowered in
the extremities, fluid reenters the blood stream and tends to be
deposited in the lungs because of the high pulmonary capillary pressure
leading to acute nocturnal dyspnea (58:294).
In a second study by Attinger, ej: al^, of 23 patients, 12 with
emphysema and 11 with cardiopulmonary pathology, the following changes
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in the mechanics of breathing occurred with position change: 
patient groups showed lower mean compliance and considerably higher 
mean mechanical resistance than a normal group; (2) positional changes 
were in the same direction as in a normal group; (3) compliance was 
lowest in supine and highest in sitting and mechanical resistance 
highest in the supine and lowest in sitting; (4) prone position 
compared favorably with sitting; (5) head down and lateral were
(1) both
was
comparable with supine (21:919-920). One conclusion was that the
striking relief of dyspnea observed in many patients assuming the 
sitting position may be explained by improved mechanics of breathing 
as well as ventilation and circulatory factors (21:919).
Cherniack, .et jl!., studying compliance and resistance in sitting 
and supine positions in five normal subjects and five patients with
orthopnea due to congestive heart failure also found that recumbency
decreased compliance and increased resistance in both groups, and in
addition that there was a disproportionate increase in resistance in
the patient group. This increase was most marked in late expiration
and early inspiration. The patient group also had higher resistance
and lower compliance in the sitting position than the normal group ‘
(30:859) . The dyspnea of recumbency in the patients was tentatively
attributed to interference with the patency of the respiratory passages
at low levels of inflation by congestion and edema (30:836).
Effects on Lung Volumes
Associated with the decreased compliance and increased
resistance with recumbency is a further reduction of VC seen in the
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recumbent position (2:350, 354). Since TLC, VC, FRC, ERV, and RV are
smaller and IC increased in recumbency compared to sitting in normals
and VC, ERV, TLC, and IC are decreased and RV/TLC increased in
congestive heart failure patients compared to normal subjects, certain
changes of lung volumes with position change can be predicted in
congestive heart failure patients. A greater than normal reduction of
VC, TLC, and ERV could be expected. There were no studies of lung
volumes and position change of congestive heart failure patients other
than those related to compliance and resistance which do further effect
lung volumes in recumbency compared to sitting.
Summary. In congestive heart failure patients, recumbency
contributes to the pathology by increasing fluid shift from dependent
extremities to the pulmonary area, decreasing compliance and increasing
resistance, and further decreasing VC.
Nursing Actions
In developing and carrying out nursing care plans, nurses must
often make decisions about the positioning of patients. Depending on
the objectives of the plan of care, various factors influence these
decisions (53:539). From the literature reviewed, the prime objectives
in congestive heart failure patients are to decrease heart work,
relieve dyspnea, pulmonary congestion and edema, and provide emotional
and physical rest.
Physiology Related. Nursing care must be aimed toward preventing,
alleviating, or eradicating the specific cause of O2 lack. In the
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nursing care of congestive heart failure patients with pulmonary
congestion and edema, the care must be directed to the underlying cause
of respiratory distress and cardiac inadequacy as well as the symptoms
(43:64). Positioning in an upright position decreases heart work,
reduces edema, decreases blood flow in the thorax, permits the patient
to expectorate pulmonary secretions and increases vital capacity
(12:200). One of the most important aims in the therapy of the patient
with congestive heart failure is to improve the mechanical efficiency
of the heart (12:197). Adequate rest in any position of comfort may be
the only therapy necessary to reduce the demand for cardiac output in
the early stages of heart failure (12:195).
Posture in bed does affect cardiac output and ventilation ability.
Sitting in bed with the knees flexed puts the thighs in the equivalent
'Propped up" in bed with the legs horizontalof a head down tilt.
Still "sitting up" in bed is quiteimproves the sitting dynamics.
different from sitting in a chair (5:42-43).
Physical and emotional rest is one of the primary aims in nursing
care for the patient with congestive heart failure. Rest decreases the
body requirements for C^. 
pulmonary blood volume in the already distended vessels so the patient
The recumbent position increases intra­
in acute failure is usually on bed rest with the head of the bed
elevated 60° to 90°. The knee-gatch should not be elevated to prevent
thrombus formation from compression of vessels in the popliteal space.
Position can be varied by having the patient lean across a padded
overbed table or sit in a lounge chair (62:279).
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Pulmonary fluid retention is related to difficulties in breathing
and the tendency to avoid lying flat for any length of time. The
patient at home finds he needs more pillows on his bed, the window open
for more air, "to sit up awhile" during the night, has more shoulder
respiratory movements and sits with stiff elbowed arms to raise the lung
apices. The patient deals with fatigue by an economy of motion and
communicating a sense of effort in minor activities (44:1457-1459).
Sudden failure of the heart caused by an abrupt increase in heart
load, occurs when a patient assumes a recumbent position and fluid from
edematous dependent parts is reabsorbed (50:1019 and 12:209). In acute
pulmonary edema it is preferable to keep the patient in bed, elevating
the head of the bed 90°, and using a padded overbed table for the
patient to lean on, rather than placing him in a chair which may cause
excess exertion (50:1020-1021). The head elevated position also
facilitates maximum chest expansion (12:203). Positive measures for
prevention of acute pulmonary edema include avoiding precipitating
factors by maintaining a Fowlers or semi-Fowlers position even during
sleep and providing for emotional and physical rest (50:1021).
Increased rate of short, shallow respiration is ineffective and
exhausting to the patient (49:69). Since alveolar ventilation per
minute equals the TV minus the dead space times the respiratory rate,
it is evident that slow, deep breathing leads to much more effective
alveolar ventilation than rapid shallow breathing (42:36-37). Labored
or forced respirations utilize accessory muscles and require more work.
In orthopnea, the upright position reduces venous pressure and
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pulmonary congestion and consequently reduces the resistance to
breathing (49:69-70).
The patient with ventricular hypertrophy who is not in con­
gestive failure, may or may not be compromised by improper positioning. 
However, since the heart must have space to contract and relax, 
infringement on it will be detrimental.
any
In left ventricular hypertrophy
the heart occupies a large portion of the left thoracic cavity. If
during systole the apex of the heart is not allowed its normal
anterior rotation, ejection of the blood may be hampered, 
will be more comfortable and cardiac output will benefit if the left 
anterior chest is not in a dependent position.
The patient
If the patient wishes 
to lie down, he should be encouraged to use the supine or right lateral
position. The left chest wall will then have free expansion space and 
the heart will be allowed to rotate normally during the cardiac cycle.
The head of the bed should be elevated if the patient is in pulmonary 
distress allowing the diaphragm freer movement (61:569-570). 
patient with a low cardiac output, the work load of the heart can be
For the
reduced by allowing the legs to act as a reservoir of blood, in a position 
dependent to the heart. Chair rest and rotating tourniquets on the
extremities function the same way (61:570).
Comfort Related. The posture which a patient with an acute 
illness naturally assumes is generally the correct one for that
particular disorder (32:10). In the terrified, exhausted, dyspneic 
congestive heart failure patient, the ideal position is difficult to
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achieve (46:1220). Acute pulmonary edema, from acute left ventricular
failure is probably the most common disorder in which body position
plays an important role in therapy. These patients invariably feel more
comfortable in a sitting or semi-sitting position (32:12). If trans­
portation is essential it should be done by wheel chair rather than
stretcher (32:14).
Emotional as well as physical rest continues to be a fundamentally
important therapeutic principle in the treatment of congestive heart
Usually maximum benefit is derived from complete bed rest infailure.
Those with pulmonary edemaa semi-recumbent or sitting position.
achieve maximal comfort sitting in a chair, propped up by pillows and
leaning forward on an adjustable table (24:218). A comfortable
position, conducive to rest in bed, can best be determined by the
patient. Most patients with congestive heart failure are more
comfortable and can breathe more easily with the head of the bed
elevated in a high Fowler's position, well supported and in correct
body alignment (17:321).
The orthopneic patient can often be relieved by elevating the
trunk in relation to the rest of the body. The nurse has the
responsibility of finding the most comfortable position for the
patient. A variety of methods can be used. The patient may sit in
a Fowler's position in bed; the head of the bed may be elevated; he
may be more comfortable sitting in a chair; in any position he may want
to lean forward (3:596).
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Summary, In positioning the congestive heart failure patient.
the nurse must consider both the physiological and pathological
problems related to congestive heart failure and pulmonary edema and
the comfort of the patient. Rest in a head elevated position is the
most frequently recommended position.
CHAPTER III
RATIONALE AND METHOD OF STUDY
RATIONALE FOR A CORRELATION STUDY OF POSITION CHANGE TO CHANGE INI.
LUNG VOLUMES IN CONGESTIVE HEART FAILURE PATIENTS
As reviewed in the literature, the positioning of congestive heart
It can also be afailure patients is a part of their therapy and care.
means of preventing complications. The nurse is responsible for helping
the patient into a position that is comfortable, gives adequate rest.
The patient’s subjectiveand facilitates heart and lung function.
evaluation determines the "comfort” of the position assumed. A variety
of positions have been recommended as comfortable and physiologically
correct. Heart and lung function must be determined objectively. Use
of the spirometer to measure lung volumes is one objective way available
to the nurse and has value in determining progression of symptoms and/or
recovery in heart patients. Changes in lung volumes with position
change in normal subjects and changes in lung volumes in congestive
heart failure patients have been documented. No study correlating
change in lung volumes to position change and to subjective evaluations
of comfort in congestive heart failure patients was found. If
significant correlations are found to exist, the nurse then has an
objective basis for the degree of elevation. If significant correlations
are found not to exist, then the use of an assessment tool such as a





An exploratory experimental study was conducted with patients in
the Loma Linda University Hospital during the months of January,
A convenience sample of nineFebruary, March, and April 1969.
convalescent left-sided congestive heart failure patients was chosen
All patients admitted to the hospital during the datafor this study.
collection period whose diagnosis, as given on the medical record,
cardiopulmonary condition, and age appeared to fit the selection
The patient's eligibility for thiscriteria were considered initially.
study was discussed with the attending physician. All patients who
then were considered to fit all the selection criteria were asked to
participate and all accepted. In measuring changes in lung volumes
related to position change and subjective evaluation of comfort, each
patient served as his own control for comparisons and correlations.
Pilot Study
A pilot study was done to check the feasibility of the research
method, instructions, and choice of equipment using five healthy women
A standard bell water-filled spirometer wasages 22 to 36 years of age.
Blood pressure, pulse and respiration rate were found to beused.
stable in relation to position change after a stabilization period of
Variability in pillow size was noted during the pilot15 minutes.
For this study the same pillow, a 24 x 18 x 7 inch disposablestudy.
The limitation of 60° ofhospital pillow, was used on all patients.
head elevation was imposed by the construction of the hospital beds
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which have a maximum elevation of 60°. Elevation of 90° with use of a
chair was evaluated in the pilot study. This position was excluded
from the present study as the time required for stabilization and
measurement of parameters selected for each position was found to take
45 minutes. As most of the patients were either on complete bed rest
or bed rest with bathroom privileges only, this period of time out of
bed was considered excessive for the condition of the patients. After
one to three practice attempts, the instructions for breathing and use
of the spirometer could be followed on demand. The pilot study subjects
were able to repeat the breathing pattern one week after initial
instructions were given. The initial practice sessions for the
patients to learn how to use the spirometer was done the day before the
test day. This was felt necessary since the total test period for this
study was long (approximately 3 to 3 1/2 hours), the time for data
collection occurred between meals, and the patients selected were limited
as to their cardiopulmonary state.
Spirometer
A stainless steel, water-filled bell spirometer for direct
measurement of lung volumes, without a soda-lime container hookup, was
The specific brand used was a "Respirometer" manufactured byused.
Warren E. Collins, Inc., Boston, Massachusetts. It had a capacity of
9 Liters, indicators of water level and room temperature, two-speed
kymograph (32 mm./minute and 32 mm./second), continuous paper feed and
writing pen, paper on the recording kymograph drum calibrated to the
speed of the kymograph, and large diameter tubing (38:157).
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Figure 2 shows the construction of a standard spirometer. To use
the spirometer, the subject breathes through the tube, causing the
floating drum to rise and fall with inspiration and expiration.
Excursions of the drum are transcribed to the chart on the kymograph
drum (16:435).
The spirometer is the standard device for measuring lung volumes
between the maximal inspiratory level and the maximal expiratory level
(25:98). As well as measuring volumes, it may also record the rate and
depth of ventilation (19:310). Spirometry is the first step in the
physiological evaluation of the dyspneic patient (19:211). External
ventilation is the only aspect of pulmonary function provided by
spirometric studies (19:212).
Generally, ventilatory gas volumes, for example VC, are reported 
at "body temperature, ambient barometric pressure, and saturated with
water" (BTPS). Each degree centigrade in ambient temperature makes a
difference of about 0.5% in the volume. All lung volumes obtained
should be corrected to reflect the actual volume excursions of the lung
and chest wall (27:1346-1347). Factors used for correction from known
spirometer temperature are listed on standard tables (7:334).
Tests using spirometry require voluntary participation and
maximal effort on the patient’s part. Involuntary variation of
"maximal effort" can result from a low intensity of motivation, mood
and general outlook, state of physical training, illness other than














Figure 2. Construction of the Spirometer as Used for Direct 
Measurement of Lung Volumes. (Adapted from 16:435)
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The spirometer was brought to the patient’s bedside on a small
rolling table. The water chamber was filled with distilled water to
the mark on the water level indicator. The ambient temperature was
noted and recorded on the patient’s data recording sheet (Appendix B).
The pen was filled with ink and tracings made by manually moving the air
chamber drum until the pen wrote steadily without skipping on the
recording kymograph drum. The air chamber was flushed with fresh air
and then the valves were closed so that the drum could be left in mid­
position at the beginning of each spirograph tracing. This way maximum
excursions both up and down could easily be recorded without the pen
leaving the calibrated paper.
Pre-test Procedure. On the day before the data collection day,
a Patient Information Sheet (Appendix B) was completed using a patient
interview and recorded notes from the patient’s medical and nursing
chart. The spirometer was brought to the bedside and its use
demonstrated by the researcher. A nose clip was placed on the
patient’s nose, the spirometer kymograph drum was switched to low speed,
the valve to the air chamber opened, and the mouth piece attached to
the tubing going to the air chamber was placed in the patient’s mouth.
(1) breathe normally for aThen the patient was instructed as follows:
few breaths (up to a minute) until a normal breathing pattern with a
stable baseline is recorded, (2) exhale (breathe out) all your air,
(3) take a deep breath, inhaling (breathing in) as deeply as possible,
(4) hold for 1 to 2 seconds (while the kymograph speed is changed from
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slow to fast speed), and (5) exhale (breathe out) as fast and as far
When the patient's spirograph tracing showed thatas possible.
exhalation was completed and inhalation begun, the kymograph speed was
switched to slow. All patients were asked to repeat this again a
minimum of three times. If a patient was unable to follow instructions
on command, more practice was given after a period of rest. All
patients performed the test procedure on command after no more than
six trial attempts. The position used for learning was one selected
by the patient. The apical and radial pulse, blood pressure and
respiratory rate were taken before and after the practice session to
assess any change in the patient's cardiopulmonary status. The unit
nurses were requested to complete the patient's morning care on the
test day before the testing period began.
III. TESTING PROCEDURE
Preliminary Activities. The spirometer was brought to the unit,
the water level checked and additional distilled water added if needed.
The ambient temperature was noted. The spirometer was then prepared
for use by the patient.
The patient was visited and his continued willingness to partici­
pate was ascertained. No patient refused. The patient's chart was
checked to secure the patient's five day weight and intake and output
totals (24:221; 13:47; 12:197; and 44:1457). Note was made of the
medications given and the morning temperature reading, as an elevation
of the patient’s temperature was reason for exclusion as test values
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obtained would be invalid. The occurrence of any negative change in
the patient’s cardiopulmonary status that would warrant his exclusion
from the study was ascertained. Presence or absence of obesity was
determined from the patient's weight and height as charted (14:848).
The patient's predicted VC value for his age and height was noted
(38:184-185). The time that the patient completed breakfast was
ascertained and the testing procedure was scheduled to begin two hours
thereafter (57:381).
Test Method. The positions used were lying supine in bed, legs
and feet horizontal to the floor, and the head of the bed elevated 0°,
15°, 30°, 45°, and 60°. Only at 0° was a pillow used. The same
disposable hospital pillow 24 x 18 x 7 was used on all patients. There
was a 30 minute equilibration period after each position change before
the test breathing pattern on the spirometer was done (41:641-642). The
following procedure was used to obtain the data necessary for this study.
1. The patient was placed in the selected position.
2. His apical and radial pulse, blood pressure, and respiration
rate were taken and noted.
3. After a 30 minute equilibration period, his vital signs were
again taken (53:541).
4. The kymograph recording paper was labeled as to position and
ambient temperature.
5. The air chamber of the spirometer was flushed with fresh air
and left in mid-position with the valves closed.
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6. A disposable mouthpiece was fitted to the tubing going to
the air chamber.
A nose clip was applied to the patient's nose.7.
8. The patient was asked to begin breathing into the spirometer
and the air chamber valve was opened wide.
9. The patient was verbally given the breathing pattern steps
practiced the previous day.
He was asked to repeat the test breathing pattern three10.
times as instructed the previous day.
If all three spirograph tracings appeared complete, the11.
patient was asked to relax, the nose clip removed, and
the mouthpiece removed from the patient's mouth.
12. The patient was asked to evaluate the position subjectively
as to comfort and ease of breathing using a scale ranging
from 0 (uncomfortable), 1 (fairly comfortable), 2 (comfort­
able), and 3 (most comfortable).
The vital signs were again taken.13.
14. The patient was elevated to the next position.
All patients were elevated in the same order from 0° to 60°.
Although this might act as a limitation when analyzing the data, it was
As 0° was an uncomfortable and potentially dangerousfelt necessary.
position for some of the patients, and yet a valid position in which to
collect data, it was felt best to begin in the "worst" position when
the patient would be least tired and most cooperative (38:160-161).
There would be some balancing of factors as the patient tired, became
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more proficient doing the test with repetition (learning effect), and
experienced a normal improvement of ventilation expected in a more
upright position.
Vital signs (radial and apical pulse, blood pressure, and
respiratory rate) were taken three times for each position: first on
assuming the position, second after a 30 minute equilibration period,
and third after the spirometer data were collected. These measures were
requested by the cardiologists in order to have some criteria with
which to indicate detrimental change in the cardiopulmonary status as
the testing session progressed. The amount and type of change that
occurred in these parameters will be discussed in Chapter IV.
IV. READING THE SPIROGRAM
Selection of the Largest Volumes. Each patient had at least
slight differences between each spirograph tracing in each position.
The largest value of the three trials was desired (57:310). The
criteria used to select this "largest" value were as follows:
(1) The largest 3 second FEV was determined.
(2) The largest inspiratory VC was next determined.
(3) The "largest" value for a spirograph tracing was the
largest 3 second FEV preceded by the largest inspiratory VC.
(4) Any tracing was eliminated in which:
(a) the patient coughed.
(b) the patient had not given a smooth tracing because of
difficulty following instructions.
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(c) the smallest inspiratory VC and the smallest 3 second
FEV was contained.
(d) the patient was unable to do a 3 second FEV for the
full period.
(5) When two tracings were approximately equal — within 20 ml.
of each other — as to their 3 second FEV and VC, the
tracing was selected in which:
(a) the smallest TV and MRV was contained, as a large TV
is one indication of hyperventilation.
(b) the "largest" volume was first found — the first
tracing.
Calculations of Volumes and Capacities. Once the "largest"
spirograph tracing was selected, the values for volumes and capacities
were calculated. The resting expiratory level (see Figure 1) was
determined by a straight-line which crossed the most low points of
tidal expiration. The TV inspiratory level was determined the same
The volume in ml. between the two lines was calibrated on theway.
The lowestpaper and this quantity defined as the uncorrected TV.
point on the spirograph tracing during the maximum exhalation (maximal
expiratory level) was noted and the volume in ml. from the resting
expiratory level to the maximal expiratory level determined the
The highest point reached during the patient's effortuncorrected ERV.
to take a deep breath (inspire fully) determined the maximal inspiratory
The volume in ml. between the resting expiratory level andlevel.
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maximal inspiratory level determined the uncorrected IC. The volume
in ml. calibrated between the TV inspiratory level and the maximal
inspiratory level determined the uncorrected IRV. The total of the
uncorrected IRV, TV, and ERV determined the uncorrected VC. The one
second, two second and three second vertical lines were measured and
marked on the recording paper. The volume calibrated in ml. from the
maximal inspiratory level to the point at which the descending spirograph
tracing crossed the line determining the one second time interval, the
two second time interval, and the three second time interval determined
the uncorrected volumes contained in the FEV measurements. After1,2,3
these uncorrected volumes were calculated, each volume and capacity was
multiplied by the correction factor needed for the ambient temperature
at the time of data collection to correct to BTPS (7:334). The ambient
temperature had previously been noted on the graph paper at the time of
data collection of each spirometry measurement in each position. The
respiratory rate was determined by the frequency of TV peaks occurring
per minute. The TV times the frequency determined the MRV. The FEV%
at one second, two seconds, and three seconds was calculated by
dividing the FEV seconds values by the inspiratory VC value.1,2,3
Summary. An explorative correlation study of changes in lung
volumes to changes in position and to subjective evaluations of comfort
in congestive heart failure patients was done. Nine left-sided
congestive heart failure patients participated. A simple water-filled
bell spirometer was used to measure the following lung volumes: TV, IRV,
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ERV, VC, FEV FEV IC, and MRV. The positions used were1,2,3 1%,2%,3%,
lying supine in bed with legs and feet horizontal to the floor and head
elevated 0°, 15°, 30°, 45°, and 60°. After a 30 minute equilibration
period, three spirograph tracings were taken in each position. The
ambient temperature was noted before each group of tracings was taken
so that volumes obtained could be corrected to BTPS. The largest volume
of the three calculated from the spirogram was used for the value
The patient’s apical and radial pulse,obtained in each position.
blood pressure, and respiration rate were noted on the taking of a
position, after the 30 minute waiting period, and after the spirograph
tracing was obtained for each position. A subjective evaluation of
comfort for each position was ascertained.
CHAPTER IV
FINDINGS, ANALYSIS AND RESULTS OF STUDY
Spirometric lung volumes and capacities were measured on nine
left-sided congestive heart failure patients in five positions. A
subjective evaluation of comfort and ease of breathing in each position
was obtained. Certain vital signs were taken on all patients in each
position. The corrected values for the capacities and volumes were
calculated. The U.C.L.A. Bio-med computer program (BMD-03R) was used
to obtain correlations of change in volumes to position change and to
subjective evaluation of the comfort of the position. Tests of
significance — t scores — of the correlations were obtained from the
same computer program used for the correlations. Correlations were
considered significant at the P< .05 level. Trends in the results will
be discussed, however, the sample size was too small to permit
statistically valid conclusions to be drawn. The statistical techniques
used in the analysis of these results makes no assumptions as to the
form of the distribution of variables studied in the general population.
I. DESCRIPTION OF THE SAMPLE
The sample consisted of four males, ages 59 - 75, and five
females, ages 61 - 74. Seven.of the patients had never smoked; one
female patient stopped smoking five years prior to the study and one
male patient stopped smoking seven years prior to the study. Since
both had been non-smokers for well over one year, it could be expected
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that their lung ventilation limitations, if any existed, were no longer
related to smoking (23:72). Two patients were considered overweight
(14:848). Four patients were evaluated as having some edema. Only two
patients had measured VC above the value predicted for their age and
Two others had measured VC greater than 80% of their predictedheight.
value (34:1016). Five of the patients had VC significantly lower than
the predicted VC for their age and height (38:184-185). Table VII
summarizes these factors by patient. All patients participating in the
study appeared to cooperate fully, within the limitations of their
cardiac reserve, during the data collection period.
Patient number 7 was unable to do a three sec FEV for more than
one sec in the 0° and 15° positions. He was also the only patient with
No analysis could be done on this singlea -H-H- edema rating.
occurrence to see if any relationship existed between the two variables.
Similar relationships did not exist in other patients with edema. For
the nurse caring for this specific patient, the knowledge of the
patient's inability to do a three sec FEV below 30° is important. For
improved external ventilation this patient should not be positioned
below 30° for any prolonged period of time.
II. FINDINGS AND ANALYSIS OF DATA
Sex, Age, Smoking, Obesity, and Edema Level
Because of the small sample size, the wide individual variability,
and the absence of any indication of relationship, no statistical
analysis of lung volumes related to sex, age, previous history of
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TABLE VII





Patient Age Sex Smoke Obese Edema Position
1 63 45° 0°M No No + No
2 61 60° 0°F Yes
Yes
No No No
3 73 30° 0°M No No Yes
4 74 15° 60°F No No + No
5 63 60° 0°F No No No Yes
6 59 0° 15°M No Yes No No
7 65 60° 0°,15°,30°M No No No
8 68 60° 0°F No No No Yes
Yes9 69 30° 60°F No Yes +-H-
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smoking, obesity, and edema level was performed. Men and women were
evenly distributed around mean values for the raw data — see Figure 3
for example. The lowest values for VC measured in this study and the
lowest percentage of the predicted VC were obtained from the three
youngest patients. The oldest patient and one younger patient were
among those with a normal VC. Any other indications of patient age
affecting values were not apparent as there were values for older and
The patients’ volumes showyounger patients on both sides of the mean.
sample variation and perhaps degree of lung involvement related to
disease rather than age. The two patients who had previously smoked
varied as much as any individuals in the study and residual effects of
smoking were not apparent (23:72). The two obese patients varied also
e.g. one with a normal VC and the other one with a lower value. The
four patients with edema present varied around the mean for lung
volumes. One had a normal VC, one slightly below normal, and two well
below normal. The variation present relative to edema was similar to
the variation found in the whole sample. In summation, any trend
related to sex, age, smoking, obesity, and edema level was not apparent;
the sample size was too small to correlate these variables.
Vital Signs
Apical and radial pulse, blood pressure, and respiration rate
were taken three times for each position change during the data
collection period: when a new position was assumed, after the 30
minute equilibration period, and after the lung volumes were measured
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with the spirometer. These parameters were measured primarily as an
assessment tool to monitor changes in the patient’s cardiopulmonary
status related to the patient’s ability to participate in the study.
Changes in vital signs which were taken when the new position was
assumed and right after the spirometric measurements, reflect changes
directly related to the preceding activity. These changes were not
related to the general effects of the position on changes in lung
volume. Their value was that of assessment of sudden changes of
parameters and possible detrimental effects to the cardiopulmonary
system.
Table VIII gives the changes in apical pulse, blood pressure,
and respiration rate occurring in each patient after the equilibration
period. These values should reflect any changes that could be
attributed to and/or related to position change per se. From the
literature review, a positive relationship of increased head elevation
to increased heart rate and blood pressure could be expected (32:10).
Although there is a wide variety of values when comparing one patient’s
parameters with that of another, this variation only reflects the wide
range of individual differences of the sampled patients. There are no
consistent trends of increase or decrease with position change from 0°
to 60°. In eight of the nine patients, the respiration rate varied
only two breaths per minute with all position changes. Patient 6 varied
six breaths per minute. The apical pulse rate of five of the patients
varied only four beats per minute; three other patients varied eight
beats per minute; and one patient (number 8) varied 14 beats per minute
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TABLE VIII
VITAL SIGNS AFTER EQUILIBRATION PERIOD
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with no linearity or demonstration of relationship of pulse rate
change to position'change apparent. The blood pressure readings
showed greater individual variance compared to the other parameters.
Each patient had his own pattern for increases and decreases of blood
Two individuals had increased blood pressure with increasedpressure.
VC, but others had either no relationship or increase or decrease or
had a negative relationship. Again no trend or indication of a
significant relationship of parameter change to position change can be
demonstrated.
The Statistical Sample
The sample size is nine — the number of patients. Each
patient's lung volume changes and subjective evaluation of position
comfort in relation to position change (with the positions as the
dependent variable) were analyzed three times. The rationale for this
was suggested after the lung volumes and capacities were obtained for
the sample. Statements and conclusions from certain researchers
reviewed, for example, Svanberg, Attinger, al•, and Moreno and
Lyons, indicated that the existence of a linear relationship between
head elevation and change in lung volumes was to be expected. After
this sample's lung volumes and capacities had been measured and
corrected to BTPS, the values were plotted on graphs. It soon became
apparent that a linear relationship of change in lung volumes with each
increase in head elevation did not exist. In fact, many of the patients
had N-shaped or W-shaped curves when the lung volumes were plotted for
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position change from 0° to 60° (see Figure 3, page 74, for example).
It was felt useful to obtain correlations from 0° to 30° and from 30°
to 60° as well as from 0° to 60° to see the amount of relationship of
position change to change in lung volumes over the smaller range of
position change as well as over the total range. In this way, a
clearer picture was obtained of the degree of relationship of position
change to ventilation. It was possible to evaluate the existence of
non-linearity in relationships that could not have been done with a
single correlation value over the total position change range. There
were differences in the degree of relationship that existed for
individual patients in each of the three position groupings (see
Appendix C). For example, patient 1 had a negative correlation for VC
from 0° to 30° (r= -.866), indicating that lung volumes decreased as
position increased, a positive correlation from 30° to 60° (r= .951),
indicating that lung volumes increased as position increased, and a
lower positive correlation over the complete range of 0° to 60° (r= .606),
indicating that volumes do go up when position goes up but not in a very
regular manner. If just the single value over the whole range had been
obtained, an incomplete evaluation of the relationship of position
change to ventilation for this patient would have been made. For this
patient increases in lung volumes could be expected above 30° but not
between 0° and 30°.
The correlations of lung volume change to change in position 0°,
15°, and 30° were computed first; then correlations of lung volume
changes in relation to positions 30°, 45°, and 60° were computed; and
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finally the correlations of lung volume changes in relation to
positions 0°, 15°, 30°, 45°, and 60° were computed. Thus, there were
27 sets of correlations of lung volume change to position change; each
patient had three sets of correlations.
When correlations were computed for patient’s lung volume changes
and position changes in relationship to the subjective evaluation of
comfort (as the dependent variable) the sample size continued as nine
— the number of patients. Since the subjective evaluation had
already been analyzed in relationship to the position changes, it was
not felt necessary to again analyze the data over the three ranges of
position. The correlations were done looking at the subjective
evaluations of comfort in relationship to positions 0°, 15°, 30°,
45°, and 60° and the corresponding lung volume changes in those
positions.
Variables
There were 14 variables statistically analyzed in this study.
In the two groups of correlations done, one with the positions as
dependent variable and the other with subjective evaluation of comfort
as the dependent variable, the variables were ordered and numbered the
(1) the positions 0°, 15°, 30°, 45°, andThey are as follows:same.
60° (grouped in one of the three ways already discussed under the
statistical sample), (2) TV, (3) IRV, (4) ERV, (5) VC, (6) MRV, 
(7) FEV-l, (8) FEV2, (9) FEV3, (10) FEV1%, (11) FEV2%, (12) FEV3%,
(13) IC, and (14) subjective evaluation of comfort.
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Correlations
When changes in lung volumes in relation to changes in position
and in relation to subjective evaluation of comfort were analyzed, the
most overwhelming observations were the large variation between
individual patients as to the volumes and capacities obtained. The
amount of change in the same volumes and capacities with position
change, and the direction of change of the volumes and capacities with
increasing head elevation also varied greatly with individual patients.
The sample as a whole was analyzed statistically by testing the means
of the correlations for significance (Table IX). The only statistically
significant group correlation (P< .05) was the subjective evaluation
of increasing comfort with increase of head elevation from 0°, 15°, and
30°. This reflects the considerable variation of individual results.
In Appendix C all correlations obtained and the means and the standard
deviations are given. The t value for means of the correlation P <.05
is t^ 2.306; the t value for P<.10 is t ^1.860 (9:169). When analyzing
individual patient changes of lung volume change and subjective
evaluation to position change, and lung volume change and position
change to subjective evaluation, the significant correlation value and
significant t value were different for three positions and five
When three positions were being correlated (0°, 15°, andpositions.
30° or 30°, 45°, and 60°), a correlation to be significant at P <.05
must be greater than or equal to 0.997 (r >.997) (8:565) and the test
of significance greater than or equal to 12.706 (t >12.706) (9:169).
When five positions were being correlated (0°, 15°, 30°, 45°, and 60°),
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TABLE IX
MEAN r VALUES, STANDARD DEVIATIONS AND t VALUES 





IRV ERV VC MRV FEV-, FEV2 FEV3 FEV 
3 456789 10





.274 .084 .079 .393 .288 .117 .264 .209 .021 .068 
.923 .745 .807 .648 .847 .868 .743 .724 .835 .807 





.018 -.290 .192 .243 .261 .264 .310 .259 .313 .292 .120 .114
.565 .578 .749 .741 .599 .832 .836 .843 .666 .696 .644 .776




0° 15° 30° 
45° 60°
.174 -.262 .304 .347 .247 .292 .380 .331 .181 .164 .110 .019 .421
.528 .556 .579 .510 .514 .613 .513 .500 .640 .645 .602 .573 .619




Significant t value for P< .05 is t^ 2.306.
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a correlation to be significant at P <.05 had to be greater than or 
equal to 0.878 (r ^.878) (8:565) and the test of significance greater
than or equal to 3.182 (t^ 3.182) (9:169).
Table X shows the significant correlations obtained for
individual patients when positions 0°, 15°, and 30° were the dependent
variable. Patient 3 had a significant negative correlation for FEV^.
He was able to obtain a larger volume at a lower position. He also had
a perfect positive correlation of increased comfort with increased head
elevation. Patient 8 had significant positive correlations for IRV and
VC, and significant negative correlation for FEV2^ and FEV^ 
head was elevated from 0° to 30°, she had an increase in VC and IRV and
As her
a decrease in the per cent of the FEV expelled in two seconds and in
three seconds. She was able to breathe in more air with increased head
elevation but able to forcefully exhale less per cent of the increased
volume inhaled. Patient 9 had a perfect positive correlation of head
elevation to increased comfort.
Table XI shows the significant correlations obtained for
individual patients when positions 30°, 45°, and 60° were the dependent
variable. Patient 2 had a perfect positive correlation of increased
head elevation to increase in FEV^.
correlation of increased head elevation to decrease in FEV^. 
had a significant negative correlation of increased head elevation and
Patient 4 had a perfect negative
Patient 5
decreased tidal volume. Patient 7 had a significant negative
correlation of increased head elevation and decreased FEV^ and a perfect 
positive correlation of increased comfort with increased head elevation.
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TABLE X
SIGNIFICANT r AND t VALUES (P<.05) FOR INDIVIDUAL PATIENTS 
VARIABLE 1 — POSITIONS 0° 15° 30° — DEPENDENT VARIABLE
Patient Independent Variables
TV IRV ERV VC MRV FEVx FEV2 FEV3 FEV1% FEV2% FEV3% IC Subj.Eval. 






































SIGNIFICANT r AND t VALUES (P< .05) FOR INDIVIDUAL PATIENTS 
VARIABLE 1 — POSITIONS 30° 45° 60° — DEPENDENT VARIABLE
Patient Independent Variables
TV IRV ERV VC MRV FEVj_ FEV2 FEVo 
23 4 56 7 8 910
FEV!% FEV IC Subj.Eval.2% FEV3%











































Patient 8 had significant correlations in the direction to be expected
She had significant 
correlations of increased FEV2 an<^ ^^3 an<^ decreased IC with increasing 
Patient 9 had a significant positive correlation of 
increased head elevation and increased FEV^.
Table XII shows the significant correlations in relationship to 
position increase from 0° to 60° head elevation for individual patients. 
There were more individual significant correlations and all were
from the review of the literature (25:109).
head elevation.
positive. Patient 1 had increased MRV and increased FEV^ with 
increasing head elevation. Patient 2 had increasing comfort with
increasing head elevation. Patient 5 had significantly increased ERV,
FEV^, and FEV^, as well as increased comfort with increasing 
elevation from 0° to 60°. Patient 7 had increased FEV^ and comfort. 
Patient 8 had significant positive correlations with head elevation for
FEV2*
VC, FEV^, FEV2, and FEV3. Patient 9 had significant correlations for 
FEV-j^ and FEV^jg.
Patient 6 was the only patient with no significant correlations. 
Only when all five positions were analyzed together were all the 
significant correlations in the direction to be expected from the 
literature reviewed. The significant correlations in the unexpected 
direction that occurred in the three positions groupings indicate 
individual variability and responses to position change rather than
any real trend of data results.
The means of the correlations (Table IX, page 81) were truer 
indicators of trends of this limited sample. Because of the considerable
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TABLE XII
SIGNIFICANT r AND t VALUES (P<.05) FOR INDIVIDUAL PATIENTS 
VARIABLE 1 — POSITIONS 0° 15° 30° 45° 60° — DEPENDENT VARIABLE
Patient Independent Variables
TV IRV ERV VC MRV FEVjl FEV2 FEV3 FEV1% FEV2^ FEV37 IC Subj.Eval. 







































individual variation, the means were not significant statistically.
The only negative correlation was the IRV and it occurs in all three
groups of correlations. Although most investigators reviewed found
the IC negative in relation to position elevation, the TV was positive
(25:109; 67:96-97; 55:27-27). This would indicate that the IRV was
the negative component of the negative IC. The means of the IC
correlations of this study were positive but at extremely low r values.
Although there was only the one significant correlation at PC.05 —
subjective evaluation of comfort at 0°, 15°, and 30° — many others
were significant at the P< .10 level, for example, in correlations of
all positions VC, FEV2, FEV^, and subjective evaluation of comfort. 
Thus the trends of the means of the correlations, although not
significant statistically, were in the direction to be expected from
the literature reviewed (25:109). The trends indicated some degree of
relationship of position elevation to increase of TV, ERV, VC, MRV,
fev]L, fev2, fev3, FEV
of comfort and a negative correlation with IRV.
, FEV^j IC, and subjective evaluation1%’ ^^27
The correlations with the subjective evaluation of comfort as
the dependent variable gave very similar results. The total
correlations and the mean values are in Appendix C. Table XIII gives
the means and the significant individual correlations at PC .05 and
t >3.1825. The means of the correlations — not significant statistically
— indicated a slightly different trend. There were four negative
values — TV, IRV, VC, and IC. The VC value was approaching zero or no
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(1) as a contradiction to the literature as to theleast three ways:
value of subjective evaluation of comfort in determining the position
of greatest ventilation (32:12; 17:321), (2) as the lack of the
existence of pulmonary involvement and severe congestion in these
convalescent patients, thus eliminating the effects of increased fluid,
increased resistance, decreased compliance, and the failing heart seen
in lower positions in sicker patients, or (3) comfort is determined by
many factors of varying importance of which lung volume is only one.
Volumes and Capacities
There was great variation in volumes and capacities between
individuals of the sample. There was also great variation of the
amount of change of volumes and capacities with each position between
different individuals. Figure 3, page 74, shows the individual
values obtained for VC. Since this combines all the lung volumes
measured, it demonstrates the wide variation between individuals and
between individual responses to position change. The means of all lung
ventilation parameters measured, except MRV and FEV™ are shown in%
Figure 4. The trends were not linear with increases in positions. In
fact, for the means of the values there was a regular pattern of low at
0°, lower at 15°, high at 30°, either slightly higher or slightly lower 
at 45°, and highest at 60° for all the volumes except IRV and IC. The
IRV mean was low at 0°, slightly higher at 15°, lower at 30°, higher at
45°, and lowest at 60°. The IC mean had very little variation, and
had almost the same values for 0° and 60°, lower and almost the same
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for 15° and 45°, and had the highest value for 30° giving the curve an
almost flat "w" appearance.
The examination of the raw data of the measured lung volumes and
capacities in different positions shows the effectiveness of a certain
position for certain individuals while for other individuals changes
In general, 0° and 15° give lowerin position make little difference.
values of external ventilation than do 30°, 45°, and 60°. The
similarity of values obtained at 30° and 60° is noteworthy.
Subjective Evaluation of Comfort
Five of the nine patients (patients 1,2,5,7, and 8) had a
general upward trend of increasing comfort with increasing head
Two others (patients 4 and 9) were most comfortable at 15°elevation.
or 30°, and were uncomfortable at 60°. The remaining two patients
(patients 3 and 6) were comfortable in three of the five positions and
Figure 5 shows the individual patient’s valuesuncomfortable in none.
and the mean value for subjective evaluation of comfort in each position.
The mean has a general upward trend with 30° and 60° rated as
comfortable and 30°, 45°, and 60° all more comfortable than 0° and 15°.
Tables XIV and XV show each patient’s preferred and least
preferred position and the positions with the greatest volumes and
least volumes for selected lung ventilation parameters. The great
individual variation of preferred position is apparent in these tables.
Also apparent is how varied a relationship existed for each patient’s
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obtained for the measured parameters. This again emphasizes that many
factors, other maximum lung volumes, may go into a patient's evaluation
of breathing comfort.
Figure 6 demonstrates the relationship of vital capacity to each
patient's subjective evaluation of comfort for each position. The mean
correlation value for this relationship was r= -.054. Individual
patients correlation values are noted on the graphs. For the sample
as a whole there was no relationship of vital capacity volume change
with subjective evaluation of comfort. For individual patients this
Position comfort is a complex factor with many differentwas not true.
variables not measured in this study.
III. SUMMARY OF RESULTS
Although there was not a statistically significant relationship
of degree of head elevation and lung ventilation ability for the
sample as a whole, a trend of increased head elevation with increased
TV, ERV, VC, MRV, FEVx, FEV2, FEV3, FEV1%, FEV2%, FEV3%, IC, and
subjective evaluation of comfort and decreased IRV existed.
There was wide variation in all of the individual's measured lung
volumes and in the amount of change in each individual. Lung volumes
did change in different positions. The changes in volumes were not
linear with change in positions. There was a regular pattern of low at 
0°, lower at 15°, high at 30°, slightly higher or slightly lower at 
45°, and highest at 60° for all volumes except IRV and IC.
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significant — with increased head elevation. These volumes increased
most consistently with increased head elevation compared to other
The TV was positively correlated but very low.parameters measured.
The FEV and FEV0/ all showed positive correlations of increased
J. /o
ventilatory ability with increased head elevation, 
near significant.
FEV2 and FEV^ were
The IRV was the only negative correlation of volume change to
head elevation and reflects a decreased volume with increased head
elevation.
There was no difference in the changes in individual patients
that could be related to the variables of age, sex, previous history
of smoking, obesity, and edema level. Any variation that appeared to
be related to these variables initially, was no different than the
variation in the sample as a whole on further examination.
Apical and radial pulse rate, blood pressure, and respiration
rate showed no trend in change related to position change or to change
in ventilation parameters. The changes were minimal for these vital
signs.
The correlations obtained for subjective evaluation of comfort
related to position and lung volumes were not statistically significant.
The trend indicated a relationship of increased patient comfort with
increased head elevation, ERV, MRV, FEV-^, FEV 
and decreased TV, VC, IRV, and IC.
FEV3, FEV1%, FEV2%, and2>
FEV 3%>
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IV. INTERPRETATION OF RESULTS
Lung Volume Changes
It was found in the literature review that an increase in lung
volumes such as TV, ERV, and VC, FEV^, and FEV^ and a decrease in IC 
occurred when the subjects changed from a recumbent position to a
sitting or a standing position (33:25-26; 25:109; 67:96-97; and 55:27-28).
Most researchers found the least VC in the supine position and the
greatest in the sitting or standing position with the semi-recumbent VC
midway between the two (33:25-26; 25:109; 63:105). It was found in the
present study that some degree of linear relationship of increase in
lung volumes with increased head elevation from 0° to 60° existed.
Although it was not a statistically significant relationship, the
trends of the group as a whole are of value. Positive mean correlations
for TV, ERV, VC, MRV, FEV (1,2,3 sec), IC and subjectiveand FEV%T*
evaluation of comfort were found to exist with increases in head
elevation. These findings generally agree with the findings of other
researchers such as Boren, ejt al. Although the only negative mean 
correlation was for IRV, while other studies reviewed had a negative
correlation for IC, this can be readily explained. Most researchers,
for example, Boren, e^t aT., and Fess, had a positive correlation or no
change for TV and a negative correlation for IC. The IRV then would
be the negative component of the IC. It could be expected for this
limited sample with great individual variability that only the IRV
value would be negative. Other studies did not evaluate the IRV
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separately. Thus, for this sample, increases in head elevation did
accompany overall increases in lung volumes except IRV. In positioning
the congestive heart failure patient, especially one with present or
potential problems related to dyspnea, improved ventilation could be
anticipated with a higher head elevation. This sample as a whole did
have increased ventilation with increased head elevation.
More improvement could be expected in some patients than in
others as the individual responses to head elevation varied. For some
patients there were regular increases in lung volume with increasing
head elevation. For others the volumes decreased as the head elevation
increased. And for still others, increases in lung volumes occurred
in certain positions, e.g., 0°, 30°, and 60°, and decreases occurred
in other positions, e.g., 15° and 45°. Some patients had great
increases with certain position changes, e.g., 0°, 15°, 30°, and little
change with other position changes, e.g., 30°, 45°, and 60°. The most
important interpretation that can be related to these findings is that
individuals varied greatly as to how their ventilation related to
certain positions. This individual variability should be considered
when positioning patients with increased ventilation as an objective
of nursing care. Secondly, the smallest lung volumes, except IRV,
usually occurred at 0° and 15°. It could be expected for most patients
that increased ventilation will occur when the patient is in a semi-
Since 30°, 45°, and 60° hadrecumbent rather than a supine position.
much less change in measured lung volume change with position change,
there may not be much advantage in putting most patients higher than
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30°. The patients subjective evaluation of comfort might be a more
important consideration in position selection when there is minimal
change in lung volume. Lastly, the value of objective assessment of
ventilation with a spirometer in individual congestive heart failure
patients, especially those with pulmonary edema, would seem to be of
value when planning nursing care.
This study showed very little difference in the amount of change
that occurred when comparing measured volumes for TV, VC, ERV, and FEV^. 
Boren, .et al., found the greatest increase in ERV with increase in
upright positioning. In the present study, the VC and ERV had the
highest correlations with increasing head elevation. Thus, the most
consistent increases in volumes with increases in head elevation
occurred in the VC and ERV. If changes in volumes are going to occur
with changes in position, the VC first and then the ERV are most likely
to reflect these changes. The VC then, seems to be a logical parameter
to measure when evaluating changes in lung volumes with position change.
The TV had a low correlation value and did not have consistent
increases with increases in head elevation. Thus, it can not be
recommended as a good volume to use in evaluating changes in lung
volumes with change in position. The FEVrj, parameter had fairly high 
mean correlation values for changes in position. These parameters are
also worth consideration as values to be measured when evaluating
changes in ventilation with position change. As well as the volumes
measured, they also have the advantage of indicating any resistance
Gaensler emphasized the high correlation of FEV^ and FEV^to air flow.
101
values obtained with known ventilation defects and symptoms such as
dyspnea. Since increased resistance accompanies increased lung
congestion, the FEVrj and FEV^ have value in assessing changes in lung 
congestion as well as ventilation with position change. The one
patient in this sample with 4+ edema was unable to do a 3 sec FEV at
0° and 15°. The value of the FEVrj, measurement was most apparent in
this one case.
Age, Sex, Smoking, Obesity, and Edema Level
Because of the large individual variability occurring in this
sample and the small sample size, statistical evaluation of changes in
lung volumes related to age, sex, previous history of smoking, obesity.
and edema level could not be done. In the literature review, various
researchers found reduction in ventilation values related to increasing
age (27:1361; 2:114), amount of smoking (18:38; 25:105; 23:75), and the
presence of edema and obesity (20:520; 25:110; 27:1370; 28:445). Smaller
volumes are found in women than men in general. Patients who are
elderly, have a recent history of smoking, are excessively overweight
or have evidence of edema could be expected to evidence greater
limitations in ventilation than those patients without these factors.
The limited cardiac reserve in patients with chronic congestive heart
failure, makes the heart unable to cope with any additional load such
as that imposed by the factors related to smoking, obesity, and edema.
The value of stopping smoking, weight reduction, and careful adherence
to the edema therapy should be taught to patients who have experienced
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reduction in lung ventilation and have limited cardiac reserve.
Positioning these patients to prevent or lessen complications related
to congestive heart failure may be critical.
Subjective Evaluation of Comfort
The patient's subjective evaluation of comfort related to
position and lung ventilation gave varying results in this study. In
general, there was increased comfort with increase in head elevation.
especially from 0° to 30°. The mean values had little change in
comfort for positions 30° to 60°. With the subjective evaluation of
increased comfort, there was an increased ERV, FEV , and FEVa and a
1 /o
In the literature, the patients' 
subjective evaluation of position of comfort was considered valuable in
decrease in TV, VC, IRV, and IC.
determining the best position to use when positioning patients with
congestive heart failure, especially those with pulmonary edema
(32:10; 17:321; 3:596). Since VC decreased and FEV^ and FEV 
as the comfort ratio increased for the sample as a whole, lung volumes
increased%
are not the only factors that are related to comfort. Some possible
factors that should be considered when positioning for comfort and
(1) the position that permits the patientventilation are as follows:
to rest and reduce the work of the heart, (2) the position that allows
greater freedom of movement, (3) the degree of reduced heart function
as well as lung involvement, (4) the position which the patient is
accustomed to using, (5) the presence of unknown muscle, joint, and
bone pathology such as arthritis, (6) the restrictions of diaphragm
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movement related to such things as a full stomach, presence of
abdominal fat, flatus and diaphragmatic hernia, and (7) the presence
of decreased compliance and increased resistance in the lower positions.
The nurse may have to evaluate lung ventilation and comfort related to
a position as separate and independent factors, attempting to find a
position that offers both comfort and adequate ventilation.
For these congestive heart failure patients, the increase in ERV
and FEV^ and FEV^, even without an increase in VC, in the "comfortable"
position may indicate increased ventilation. The increase in these
parameters may represent increased ability to empty the lungs related
to a decrease in resistance and an increase in compliance in the more
"comfortable" position (21:919-920; 30:859). The decrease in VC and
IRV may represent an inability to inhale as deeply when more upright
as well as a reduced need for more air with increased comfort and
decreased work of breathing. Also, these patients may have had a
previously determined position of comfort that allowed rest, adequate
ventilation, and decreased heart work. The physiological and psychological
factors for the selection of the position, other than lung volumes, were
not evaluated in this study.
CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I. SUMMARY
In the patient with congestive heart failure, dyspnea, edema, 
and fatigue are important symptoms. The nurse can help relieve these
symptoms with proper positioning of the patient.
Positions with the head elevated increase compliance, decrease
resistance, increase lung volumes such as ERV, VC, FEV and TVT and %’
and decrease IRV and IC slightly. Most congestive heart failure
patients have increased comfort when sitting up.
The purpose of this exploratory study was to find out if there
is a relationship of degree of head elevation and lung ventilation 
ability in left-sided congestive heart failure patients, 
used were 0°, 15°, 30°, 45°, and 60°.
The positions
The lung volumes were measured
with a spirometer. Patients subjective evaluation of comfort in each
position was ascertained.
A convenience sample of nine left-sided congestive heart failure 
patients, five women and four men, ages 59 to 75 years, was used, 
limitations included (1) the patient’s willingness and ability to use 
the spirometer to maximal effort, (2) individual variability related to 
time needed to stabilize body fluids and empty stomach contents, (3) 
inability to determine effects of undiagnosed lung disease, undetermined 




effects during data collection, and (5) the inability to measure
internal ventilation with measures of external ventilation.
In the review of literature it was found that congestive heart
failure patients experience dyspnea related to (1) fatigue and poor
functioning of the heart, (2) increased congestion of the pulmonary
venous and capillary system, and (3) edema fluid present in the lungs
(13:35 and 96; 6:142-143; 24:219; 38:166). Upright positioning of
these patients decreases dyspnea. This was related to fluid shift to
dependent parts, more efficient ventilation and respiratory mechanics,
and improved heart functioning with a decreased work load.
Lung volumes were measured in this study with a water-bell
spirometer and values obtained were corrected to BTPS. Volumes
measured were TV, IRV, ERV, VC, FEV-j, an(j ^ (1, 2, and 3 seconds), MRV,
and IC. Each patient was requested to subjectively evaluate the
position as to comfort related to breathing.
The results showed individual significant (P<.05) correlations of
positions change and lung volume change. Although the mean correlation
values were not significant statistically, there was a trend of increased
TV, ERV, VC, FEVpp an(j MRV, IC, and breathing comfort, and decreased
The sample had great variation inIRV with increased head elevation.
volumes and capacities obtained among individuals and in the amount of
change of lung volumes in individuals related to position change. The
changes in volumes were not linear with change in positions. There was
a regular pattern of low at 0°, lower at 15°, high at 30°, either
slightly higher or slightly lower at 45°, and highest at 60° for all
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volumes except IRV and IC. No correlations could be ascertained between
changes in heart rate, blood pressure, and respiration rate and position
change. The sample size was too small and too varied to correlate
changes with age, sex, smoking, obesity, and edema level.
II. CONCLUSIONS
The conclusions of this exploratory study cannot be generalized
beyond the sample of the nine patients, as the patients were selected as
a convenience sample. No conclusions can be drawn as to the form of the
distribution of variables studied to that expected in the general
population.
The purpose of this study was to see if a relationship existed
between degree of head elevation and lung ventilation ability in left­
sided congestive heart failure patients. It can be concluded there were
changes in lung volumes for different positions. Individual patients
had statistically significant correlations of lung volume changes
related to changes in positions. There was no significant change in
ventilation ability related to position change in the group. There was
a trend of increased head elevation to increase in all ventilation
variables except IRV. Further study with a larger sample to minimize
effects of individual variations is needed.
No conclusions can be drawn related to differences in individual
patients related to age, sex, previous history of smoking, obesity, and
edema level. A larger sample is needed for this.
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No conclusions can be drawn related to the effects of position
change on heart rate, blood pressure, and respiration rate.
With the subjective evaluation of increased comfort, there was
a trend of increased head elevation, ERV, MRV, FEV^ an(j and decreased 
TV, VC, IRV, and IC, although the results are not statistically
significant. No conclusions can be drawn about the relationship of
these variables. Comfort appears to be only partly dependent on
maximum lung volumes. The existence of negative correlations related
to VC emphasizes the need of further investigation related to patients
subjective evaluation of comfort related to his ventilatory ability.
Factors that effect the comfort evaluation other than maximum lung
volumes need to be studied also.
Although there is insufficient data to draw statistically valid
conclusions, the variability of the results obtained in itself is
The non-linearity of lung volume change and comfortnoteworthy.
evaluation with position change needs further investigation. The wide
variation of individual response also warrants further study. If such
variation exists in the general population, individual assessment of
ventilation ability related to positioning would be warranted.
III. RECOMMENDATIONS
Recommendations based on the findings of this study are that:
1) A similar study be done with a large sample which has been
selected in a manner that would allow generalization of conclusions.
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2) A similar study be done using congestive heart failure
patients with demonstrated pulmonary edema.
3) A similar study be done in which arterial Pq^ and PCO2 
are measured. In this manner, alveolar ventilation and diffusion
related to position change could be ascertained with less limitations.
4) A similar study be done measuring lung ventilation ability
in the additional positions of sitting upright in a chair and leaning
over a padded over-bed table.
5) A similar study be done on a group of patients during
progressive phases of heart failure from acute pulmonary edema to the
convalescent state.
6) Lung volumes be measured using a smaller waterless spirometer.
for example a Wright Spirometer, to alleviate patient anxiety related
to the equipment used for lung ventilation measurement, and to simplify
the measurement procedure.
7) A study be done in which all factors affecting the patient's
subjective evaluation of comfort related to position are ascertained
and evaluated.
8) A similar study be done in which the results are analyzed 
by a "t" test on paired variates, analyzing the change of only two
positions at a time, for example 0° and 15°.
9) Since the effect of gravity on the body with position change
probably varies not with the angle but with the sine of the angle, a
similar study be done in which the results are analyzed by correlating
the values with the sine of the angle rather than linearly.
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Some implications for nursing care of the congestive heart failure
patient can be drawn from the findings of this study. It is recommended
that:
1) Careful individual assessment be done when positioning the
dyspneic patient to permit comfort, rest, and improved ventilation and
cardiac functioning.
2) Congestive heart failure patients be taught the value of
positioning as a means of preventing and controlling the cardiopulmonary
complications related to their limited cardiac reserve.
3) The nurse assess changes in the congestive heart failure
patients condition by careful observation of subjective and objective
signs and symptoms in the patient’s ventilatory ability and heart
functioning.
4) The nurse use a small waterless type spirometer to record
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The Research Advisory Committee on Human Experimentation has 
voted to approve your study to determine a relationship of degree 
of head elevation and lung ventilation in congestive heart failure 
patients in specific positions with selected lung volumes measured 
by spirometry in each position. This approval is given with the 
understanding that you will acquaint the Committee promptly with 
any change in your plans or procedure that might affect the rights 
or welfare of your subjects.
With every wish for your success in these investigations, I am
Sincerely yours,
V. v. v '
John E. Peterson, M.D. 
for the Research Advisory Committee 
on Human Experimentation






Research Advisory Committee on Human Experimentation 
Loma Linda University 
Loma Linda, California
Dear Committee Members:
I wish to gain your approval for a research project to be done at Loma 
Linda University Hospital. It will be done in partial fulfillment of 
the requirements of a master’s degree in nursing at Loma Linda University.
The purpose of the study is to determine a relationship of degree of 
head elevation and lung ventilation in congestive heart failure 
patients in specific positions with selected lung volumes measured 
by spirometry in each position. Nursing care of the congestive heart 
failure patient involves assessment of the position of the patient 
related to his ventilation ability. Since little study of specific 
positions of head elevation in these patients and changes in lung 
volumes has been done, this exploratory study seems indicated.
For the protection of the patients involved in the study, the 
following criteria and measures of patients selection will be used so 
that no detrimental effects on the patients' existing cardiopulmonary 
condition will occur: 
without dyspnea or marked changes in respiratory rate or rhythm in all 
positions to be measured, have no need of supplemental oxygen, have 
attained a medically stable condition related to their diet, medications, 
and fluid allowances, and have been approved to participate in this 
study by their attending physician.
the patient is ambulatory, can rest comfortably
Dr. Clarence Collier, Dr. R. Maureen Maxwell, and Mrs. Jane Mundin 
have agreed to be on my thesis committee. Dr. Johns has given his 
verbal approval for this study to be done using congestive heart 
failure patients.
Sincerely,
(Mrs.) Nancy Carson, R.N.
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Mrs. Charlotte Ross, R.N. 
Director of Nursing 
Loma Linda University Hospital 
Loma Linda, California
Dear Mrs. Ross:
In the nursing care of the congestive heart failure patient, positioning 
the patient with his head elevated is done to increase his respiratory 
ability as well as to decrease his heart work. In nursing texts as 
well as doctors’ orders, there is diversity and controversy as to the 
amount of elevation desirable. Although research has shown in normal 
people that the ability to ventilate the lungs is greater sitting up­
right in a chair than horizontal in bed, there has been little research 
on the changes in various semi-recumbent positions and no research on 
the effects of these positions on the ventilation ability of congestive 
heart failure patients.
I am interested in measuring these changes. With your permission I 
would like to do such a study at Loma Linda University Hospital. The 
primary purpose of my study is to determine a relationship of degree of 
head elevation and lung ventilation ability in Congestive Heart Failure 
patients in specific positions with selected lung volumes measured by 
spirometry in each position. The method of measurement would be with 
a water spirometer. The measures taken would be tidal volume, 
inspiratory reserve volume, expiratory reserve volume, vital capacity, 
timed vital capacity and minute respiratory volume. The positions 
taken by the patient would be sitting upright in a chair with back at 
90°, and in bed with back elevated 60°, 45°, 30°, 15°, and horizontal.
This study has been approved by the Research Advisory Committee on 
Human Experimentation. Among the safety precautions I have for the 
selection of patients is the necessity of obtaining the specific 
approval of each attending physician to include his patient in the 
study. This research is being done in partial fulfillment of the 
requirements of a master's degree in nursing at Loma Linda University.
My advisors for this study are Dr. M. Maxwell, Dr. C. Collier, and 
Mrs. Jane Mundin. Dr. Crawford has made himself available to give 
advice when needed. May I have permission to conduct this study in 
your nursing service? I will furnish any further information you 
may desire about the study, and at the conclusion, will be glad to 
report the findings of the study.
Sincerely,
(Mrs.) Nancy Carson, R.N.
(Verbal approval given by phone)
APPENDIX B
FORMS





Do you smoke cigarettes or other tobacco product?
How long? 
When did you stop?
What?
How much?
Have you ever smoked?
Is it painful for you to breathe?




Sedatives — Time Administered

















Physician's Permission Date Given
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DATA COLLECTION
Hosp. //Patient Name PhysicianRoom
Date Time Begun Time Completed
Body Temperature Spirometer Temperature Predicted VC
Time Completed Eating
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RELATIONSHIP OF VENTILATION ABILITY AND POSITIONING




An Abstract of a Thesis
in Partial Fulfillment of the
Requirements for the Degree Master
of Science in the Field of Nursing
March, 1971
ABSTRACT
Proper positioning is used to relieve dyspnea, edema, and fatigue 
in congestive heart failure patients. According to the review of
literature, improved ventilation as measured by specific lung volumes 
and lung mechanics occurred with upright positioning in normal 
The effects of specific changes in lung volumes related to position 
change in congestive heart failure patients has not been documented in 
literature, although various recommendations related to positioning are 
made.
persons.
This exploratory study was undertaken with nine congestive heart 
failure patients to see if a relationship existed between degree of head 
elevation and lung ventilation ability as measured by water-bell
spirometer. Measured volumes were corrected to BTPS values. The
patients subjective evaluation of breathing comfort related to position 
change and ventilation ability was also studied. The positions studied 
were lying flat in bed with the head elevated 0°, 15°, 30°, 45°, and 60°. 
The lung volumes measured were tidal volume (TV), inspiratory 
volume (IRV), expiratory reserve volume (ERV), vital capacity (VC), 
minute respiratory volume (MRV), forced expiratory volume — timed and
reserve
per cent — (FEV^and FEVo,), and inspiratory capacity (IC) . 
evaluation of comfort was rated on a scale of 0 (uncomfortable) to 
3 (most comfortable).
ventilation ability with changes in position.
Subjective
The results showed that there was a change in
Individual patients had 
statistically significant relationships of position change to ventilation 
Because of the great variation of individual values obtained,ability.
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as well as the great variation of amount of change with position change,
statistically significant correlations for the means of the sample were
not obtained. There was a trend in correlations indicating increased TV,
ERV, VC, FEV^, FEVop, MRV, IC, and patient comfort and decreased IRV with
increased head elevation. There was also a trend in the correlations
of increased head elevation, ERV, FEV^, FEV^,, and MRV and decreased TV, 
IC, IRV, and VC, with the subjective evaluation of increased comfort.
The actual volumes and capacities measured did not have a linear
relationship of volume change with increasing position change. The
means of the values for measured volumes had a regular pattern of low 
at 0°, lower at 15°, high at 30°, slightly higher or slightly lower 
at 45°, and highest at 60° for all volumes except IRV and IC. Recommen­
dations are made for the utilization of the data for further research
and for implications related to patient care.
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